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FBEFACE. 


The  demand  for  a  third  edition  of  my  hrockure  on 
"  Water  Analysis,"  afforde  me  an  opportunity  of  offering 
to  the  public  the  results  of  an  increased  and  more 
extended  experience.  The  additions  aie  so  great  as  to 
compel  me  to  re- write  nearly  all  that  I  have  previously 
published  on  the  subject 

The  many  kind  appreciative  comments  that  have 
been  made  on  it  by  the  scientific  world,  and  especially 
by  that  section  of  it  that  is  engaged  in  the  public 
health  service  of  the  coimtry,  coupled  with  the  sug- 
gestions of  ftieuds,  have  led  me  to  incorporate  with  my 
essay  on  "  Water  Analysis  "  sections  on  "  Examinations 
of  Air  and  Food." 

I  trust  that  none  of  my  readers  will  imagine  that 
I  have  the  presumption  to  place  myself  forward  as  a 
teacher  of  the  medical  officers  of  health  of  the  country. 
I  wish  rather  to  offer  su^estions  and  hints,  that,  I  am 
sure,  win  be  helpful  to  those  who  have  not  plodded  as 
I  have,  along  long,  tedious,  and  tortnotis  paths  for 
many  years,  at  the  sacrifice  of  much  time  and  labour, 
because  I  could  not  find  a  short  cut.  It  does  not 
follow  that  because  there  is  "  no  royal  road  to  learning," 
that  the  road  which  we  have  to  traverse  should  be 


beset  with  all  kinds  of  unnecessary  obstades  and  diffi- 
culties. 

The  objects  which  I  have  kept  steadily  iu  view  in 
■writing  the  following  pages  have  been : — 

1.  To  avoid  a  consideration  of  these  three  subjects 
solely  after  the  manner  of  an  analyst  who  mechanically 
deals  with  chemical  operations  and  arithmetical  cal- 
culationa,  but  to  treat  them  as  a  physician  who  studies 
them  in  connection  with  health  and  disease ; 

2.  To  render  such  details  respecting  examinations 
of  water,  air,  and  food,  as  fall  within  the  province  of 
the  medical  officer  of  health,  so  free  from  technicalities 
and  all  cloudy  and  chaotic  surroundings,  as  to  enable 
any  one  who  possesses  the  average  chemical  knowledge 
of  a  physician  to  teach  himself  by  the  aid  of  this  vade 
mecvm  of  the  healtli  ofBcer. 

It  affords  me  much  pleasure  to  acknowledge  with 
gratitude  the  assistuice  rendered  to  me  by  scientific 
men  throughout  the  country,  amoi^t  whom  may  be 
mentioned  Drs.  Attfield,  Bartlett,  Brown,  Cameron, 
F.  de  Chaumont,  Hill,  Shea,  Thome,  Tidy,  and  Messrs. 
Dixon,  Slater,  Thomas,  etc,  etc. 

CBBLuazoRD,  Mag  1878. 
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INTRODUCTOET  OBSEKVATIONS. 


Ths  elementary  principles  on  vliich  the  greater  part 
of  the  work  of  the  Medical  Officer  of  Health  la  based, 
may  be  truly  said  to  be  the  prevention  of  the  pollution 
of  Water  and  of  Air  with  filth  and  its  products,  and 
the  prevention  of  the  consumption  of  articles  of  Food 
deleterious  to  health. 

Pure  Water,  pure  Air,  and  good,  wholesome  un- 
sdtdtetated  Food,  constitute  the  pillars  which  form  the 
tripod  on  which  rests  the  "  mens  sana  in  corpore 
Sana" 

My  ideal  of  a  Medical  OfScer  of  Health  is  that  of 
a  physician  who  is  thoroughly  couTcrsant  with  every 
question  affecting  Public  Health,  and  who  is  able  to 
analyse  quantitatively  water,  air,  and  food ;  and  is  so 
weU  versed  in  analytical  work  as  to  be  able  to  take 
\aa  oath  in  a  court  of  justice  respecting  any  matter 
requiring  the  assistance  of  a  scient^c  expert  in  state 
Bwdicine.  Such  a  man  should  be  debarred  from 
private  practice,  and  placed  over  a  lai^  area  with 
definite  boundaries,  such  as  a  county  or  riding.  His 
qipoiutment  should  be  permanent^  so  that  he  may 
feorieasly  and  conscientiously  perform  his  duty.  Every 
medical  practitioner  in  his  district  should  act  towards 
Urn  in  the  capacity  of  an  assistant.     The  Medical 


2  niTBODnCTORT  OBSEBTAnOHS. 

Officer  of  Health  shoold  in  fact  be  the  Head  Centre  of 
all  Public  Health  affaira  in  each  county. 

Fiiet,  aa  to  Water. — The  examination  of  drinking 
waters  forms  a  very  important  portion  of  the  dnty  of 
those  who  eng^e  in  a  crusade  against  preventable 
disease.  A  Health  Officer  should  not  only  be  prepared 
to  answer  sach  a  question,  as,  "  Does  a  water  contain  a 
deleterious  amount  of  organic  matter?"  but  should  be 
able  to  reply  to  such  interrc^tionB,  as,  "  Is  this  water 
wholesome  and  good?"  "Which  of  several  specified 
wells  furnishes  the  purest  water  ?"  etc. 

Some  are  disposed  to  think  that  it  is  unadvisable 
for  a  Medical  Officer  of  Health  to  analyse  water.  The 
list  of  his  duties,  as  laid  down  by  the  Local  GoTera- 
ment  Board,  certainly  contains  no  order  that  he  should 
act  aa  a  water  analyst.  The  latest  Adulteration  Act 
.^Food  and  Drugs  Act  of  1875)  expressly  excludes 
water  &om  its  provisions ;  althoi^h  few,  I  should  pre- 
sume, would  hold  that  water  is  not  in  some  sense  a 
food  (much  more  so  than  either  mustard  or  pickles) ;  or 
that,  having  regard  to  the  derivation  of  the  word 
"  adulterate,"  the  sewage  and  water  supplied  by  some 
wells  could  not  strictly  be  considered  to  be  "  a  change 
to  another"  (the  exact  meaning  of  the  word),  of  an 
article  of  daily  consumption  of  a  very  serious  character. 
A  Medical  Officer  of  Health  who  can  promptly 
give  an  authoritative  opinion  as  to  the  quality  of  a 
water,  is  much  more  helpful  to  the  Sanitary  Authorities 
with  which  he  may  be  connected,  than  one  who  is 
unable  so  to  do.  Continually  cases  arise,  in  the  working 
of  a  large  district,  where  a  Sanitary  Authority  requires 
an  immediate  decision  as  to  the  quality  of  a  water,  in 
order  that  steps  may  be  taken  with  the  least  possible 
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delay  in  tiie  prevention  of  the  extension  of  a  disease. 
If,  as  is  cufltomaiy  in  some  places,  samples  of  water  are 
sent  to  professional  analysts  living  at  a  distance,  great 
loss  of  time  is  generally  experienced,  and  the  analyses 
of  vaters  yield  illusory  results  in  consequence  of  being 
examined  in  a  stale  instead  of  in  a  fresh  condition.  I 
have  often  known  a  month  or  more  to  elapse  before  the 
report  is  received,  when,  frequently,  the  opportunity  for 
acting  on  the  opinion  expressed  has  passed  away.  More- 
over, a  Medical  OfBcer  of  Health  requires,  for  his  owi] 
guidance  in  tracing  out  the  causes  of  diseasee,  and  in 
taking  measures  to  stop  their  spread,  to  ascertain  ex- 
peditiously and  with  precision  the  state  of  waters. 

Secondly,  as  to  Air. — What  can  be  more  important 
than  the  establishment  of  some  rules  of  practice  as  to 
the  parity  of  the  air  of  our  houses  and  public  buildings? 
There  can  be  no  qnestion  but  that  there  is  a  distinct 
causative  relation  between  consumption  and  re-breathed 
air,  between  the  condition  of  the  air  in  nnventilated 
and  crowded  dwellings  and  the  prevalence  of  lung 
affections.  An  enormous  field  is  afforded  to  the  health 
officer  in  the  study  of  the  subject  of  the  defilement  of 
the  air  by  metallic,  mineral,  and  other  visible  impuri- 
ties, with  a  view  to  the  discovery  of  some  means, 
whereby  the  condition  of  those  classes  who  have  to 
earn  their  daily  bread  by  working  at  such  unwholesome 
avocations  as  button  manufacture,  stone  masonry,  cotton, 
wool,  and  silk  spinning,  etc.,  may  be  ameliorated. 

Thirdly,  as  to  Food. — The  attention  of  the  Medical 
Officer  of  Health  should  undoubtedly  be  restricted  in 
his  analytical  examinations  to  the  necessaries  of  life, 
and  to  those  substances  that  are  apt  to  be  injurious 
in  theidBelvea,  or  are  liable  to  be  adulterated  with 
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sabetaoces  deleterious  to  health.  Professional  analysts, 
distinct  Irom  Medical  Officers  of  Health,  there  always 
most  be.  On  these  officials  devolves  the  duty  of 
aualysii^  foods,  etc.,  which  contain  fraudulent  hut 
hanoleBB  Bdmiztures,  such,  for  example,  as  the  compound 
ttf  mustard,  and  of  cocoa  with  starch — an  innocuous 
diluent, — the  mixture  of  sardines  and  sprats  wiUi  an- 
chovies, and  of  salt  with  gelatine  to  increase  ita  weight 
in  the  scales,  etc 

The  duties  of  the  Medical  Officer  of  Health,  as  laid 
down  by  the  Legislature,  all  test  on  the  assumption 
that  he  is  the  ja<^  on  all  subjects  relating  to  public 
health.  It  is  of  course  difficult  to  draw  a  hard  and  fast 
line  in  this  matter,  as  in  every  other  in  Uus  world. 

"  \tt  Duiy. — He  shall  inform  himself,  as  far  as  prac- 
ticable, respecting  all  influences  affecting  or  threatening 
to  affect  injuriously  the  public  health  within  the  district. 

"  2d  Duty. — He  shall  inquire  into,  and  ascertain  by 
such  means  as  are  at  his  disposal,  the  causes,  origin, 
and  distribution  of  diseases  within  the  district,  and 
ascertain  to  what  extent  the  same  have  depended  on 
conditions  capable  of  removal  or  mitigation. 

"  Sd  Duiy. — He  shall,  by  inspection  of  the  district^ 
both  systematically  at  certain  periods,  and  at  intervals 
as  occasion  may  require,  keep  himself  informed  of  the 
conditions  injurious  to  health  existing  therein. 

"  &th  Duiy. — In  any  case  in  which  it  may  appear 
to  him  to  be  necessary  or  advisable,  or  in  which  he 
shall  be  so  directed  by  the  Sanitary  Authority,  he  shall 
himself  inspect  and  examine  any  animal,  carcaae,  meat, 
poultry,  game,  flesh,  fish,  fruit,  v^tables,  com,  bread, 
or  flour,  exposed  for  sale,  or  deposited  for  the  purpose 
of  sale,  or  of  preparation  for  sale,  and  intended  for  the 
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food  of  man,  which  is  deemed  to  be  diseased,  or  unsound, 
or  unwholesome,  or  unfit  for  the  food  of  man ;  and  if 
he  finds  that  such  animal  or  article  is  diseased,  or  un- 
soond,  or  unwholesome,  or  unfit  for  the  food  of  man, 
he  shall  give  such  directions  as  may  be  necessary  for 
caoHing  the  same  to  be  seized,  taken,  and  carried  away, 
in  order  to  be  dealt  with  by  a  justice,  accoiding  to  the 
pnmsions  of  the  statutes  applicable  to  the  case." 

The  Firtt  Duty  alone  is  comprehensive  enough  to 
inclade  the  consideration  of  each  of  the  three  subjects 
treated  of  in  the  foUowii^  pages,  and  even  more.  Aa 
Medical  Officers  of  Health  are  often  at  present  inun- 
dated with  analytical  work  by  those  who  are  simply 
curious  aa  to  whether  their  drinkii^  water  is  or  is  not 
good,  or  as  to  the  reason  why  it  does  not  make  good 
tea,  or  as  to  why  their  sugar  turns  their  tea  of  a  black 
colonr,  or  as  to  whether  their  wall  papers  contain 
anenic,  or  as  to  why  their  brandy  and  water  assumes 
sometimes  an  inky  hue,  it  is  a  great  protection  to  the 
Medical  Officer  of  Health,  if  he  refers  all  applicants  to 
the  Sanitary  Authority  of  the  district  for  an  order,  with 
the  previous  understanding,  arrived  at  with  the  Sanitary 
Authority,  that  it  will  not  give  him  any  instructions  to 
analyse  at  the  public  expense,  unless  evidence  is  placed 
before  it  of  a  nature  calculated  to  show  that  the  sub- 
stance respectii^  which  the  request  is  made  has  been 
or  is  likely  to  be  deleterious  to  health,  and  that  the 
applicant  cannot  afford  to  pay  for  the  analjrsis  out  of 
bis  or  her  own  pocket 

As  aU  chemical  examinations  to  be  exact  must  be 
quantitative,  and  as  all  inaccumte  examinations  are  of 
little  worth,  and  as,  moreover,  the  quantitative  analysis 
of  a  aubfltance  is  not  laid  down  as  one  of  the  duties  of  & 
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Medicel  Officer  of  Health  by  the  Govemment,  it  foUowa 
as  a  matter  of  logical  sequence,  that  all  quantitative 
analytical  work  conducted  for  a  Sanitary  Authority  and 
for  the  public  should  be  paid  for.  Work  performed 
giatuitotisly  is  rarely  valued. 

The  pK^ress  of  a  knowledge  of  Preventive  Medicine 
is  exceedingly  slow.  The  Medical  Ofiicer  of  Healib, 
who  is  the  schoolmaster  of  hia  district  as  to  sanitary 
matters,  must  necessarily  find  his  work  of  a  very  up- 
hill character.  He  is  continually  regarded  as  an 
irreverent  individual,  who  is  wicked  enough  to  interfere 
with  the  purposes  and  designs  of  the  Almighty. 
Thousands  are  still  to  be  foiind  who  believe  that  if  a 
water  is  bright  and  clear,  and  not  unpleasant  to  the 
taste,  it  must  be  good ;  whilst  it  has  been  proved,  over 
and  over  again,  that  such  a  water  may  be  polluted  with 
unspeakable  filth,  and  that  an  excessive  brilliancy  of  a 
water  is  a  suspicious  sign. 

There  can  be  no  question,  however,  but  that  the 
elements  of  sanitary  science  are  slowly  and  surely  in- 
flnencii^  the  people  of  this  and  of  other  countries  for 
good.  Such  cases  as  that  of  the  serraiit  who,  coming 
horn  an  obscure  vill^e  near  the  Dartmoor,  objected 
to  the  pure  water  of  a  distant  town  where  she  waa  in 
service,  on  the  ground  of  its  being  devoid  of  either 
taste  or  smell,  are  becoming  rare. 


SANITAEY  EXAMINATION 


DKINKING  WATER 


THB  VHOLES0UENSB8  OF  A  WATER. 

PnitE  spring  vateia,  devoid  of  all  metallic  impurities,  are 
undoubtedly  the  most  wholesome  watera  for  drinking 
puipoaes.  Pure  shallow  well  waters  occupy  a  secoud 
place.  The  waters  furnished  by  arteaian  wells,  and  the 
lun  that  descends  in  the  country  far  away  Irom  towns 
and  cities,  occupy  jointly  a  third  position  in  order  of 
merit;  and  lastly  come  the  waters  of  streams  and  rivuleto, 
the  majority  of  which  contain  more  or  less  filth,  and  in 
times  of  heavy  rains  soil  and  mineral  debris  of  every 
description.  All  will  readily  understand  the  reason 
that  spring  water  should  be  placed  first,  and  river  water 
last  in  the  order  of  wholesomeness,  but  the  motive  for 
assigning  to  artesian  well  water  and  rain  water  a 
situation  inferior  to  both  spring  and  shallow  well  water 
is  perhaps  not  so  obvioiis.  Artesian  well  waters  gene- 
TsUy  contain  an  excess  of  saline  matters  (vide  .page  '9  7). 
Bain  water  contains  an  infinitesimal  amount  of  saline 
substances,  and  is  almost  entirely  devoid  of  lime,  a  body 
which  is  so  important  in  building  up  the  bony  tissues 
of  young  animals.  I  am  aware  that  some  few  eminent 
men  consider  that  young  creatures  solely  derive  the 
lime  which  they  require  from  their  food*  {vide,  for 
example,  the  evidence  of  Dr.  Lyon  Playfair  in  the  Sixth 

*  One  pocmd  of  floor  containa  ddIjt  IJ  greln  of  lime,  tnd  that  in  * 
fonn  which  i«  usociated  with  the  more  iiuolnblfl  part  of  the  gnun. 
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Seport  of  the  Kivers  Follution  Comiuiasionera,  page 
189.  Those  vho  entertain  this  view  consider,  I  belieTe, 
that  vater  simply  acts  aa  a  diluent  or  solvent  iu 
nutrition.  I  have  no  room  here  to  combat  these  views, 
hut  can  simply  give  it  as  my  opinion  that  the  young 
animal  supplies  the  wants  of  its  system  for  lime  from 
every  available  source. 

It  is  almost  impossible  to  define  a  wholesome  water ; 
but  here  are  two  examples  of  most  wholesome  spring 
waters: — 


Nuut  tnd  DwiriMlDn  of  th« 
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JV:J.— No  met*!,  in  either 
wkter. 
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21- 
14- 

24 
1-8 

■00 
■02 

Altwrnl- 

■01 
■01 

e 
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It  may  be  useful  to  give  examples  of  the  composition 
of  good  shallow  well  and  good  artesian  well  waters  and 
pure  rain  water: — 


Nuu  ud  nsKiiptloii  Of  tlld 
Bunplt  of  WiiUi. 

OnUniperGiUaa 
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Total 
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Depth  2S  feet     . 
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7- 
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18 

Eft. 

Depth  SOO  feet   , 
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Good  Artesian  veil  wtter. 

Depth  ITS  feet    . 

lM-4 
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•01 

■oa 
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Pme  rein  water  coUected 

in  open  country  . 
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-  In  formii^  an  opinion  as  to  the  quality  of  a  water 
for  sanitary  purposes,  the  old-faahioned  plan  of  carefully 
effiifflating  the  number  of  grains  per  gallon  of  each  saline 
constituent,  often  8  or  10,  and  at  tdmes  as  many  as 
1 8  or  1 9  in  number,  is  perfectly  unnecessary.  Of  wh^ 
importance  is  it  to  ascertain  the  exact  fraction  of  a  grain 
of  silica  or  alumina  which  a  water  may  contain,  or 
whether  it  does  or  does  not  possess  a  trace  of  fluorine  ? 
It  is  of  not  the  s%htest  practical  moment  as  to  whether 
oar  drinking  wat«r  contains  3  or  6  grains  of  carbonat« 
of  Ume  per  gallon,  or  whether  1  or  5  grains  of  chloride 
of  sodium  are  dissolved  in  the  same  quantity,  provided 
it  is  pore.  In  the  case  of  mineral  waters,  and  of  waters 
proposed  to  be  used  for  brewing  and  other  commercial 
purposes,  a  detailed  analysis,  containing  the  exact 
amount  of  eveiy  salt,  may  sometimes  be  required. 

Equally  useless  for  all  sanitary  work  is  the  estimation 
of  the  amount  of  cubic  inches  of  the  nitrogen,  oxygen, 
and  carbonic  acid  gases  evolved  on  boiling  a  water,  and 
the  determination  of  the  temperature  of  a  water. 

In  forming  a  judgment  as  to  the  character  of  a 
water,  it  is  desirable  for  the  Medical  OfBcer  of 
Health  to  ascertain  some  or  all  of  the  following 
particulars: — 

(a.)  The  amount  and  nature  of  the  organic  matter.   i»uoo 
(i.)  The  existence  ot  not  of  the  products  of  the  opinioB 
oxidation   of  oi^anic   matter,  such  as  the  umo. 
nitrates  and  nitrites,  and  in  certain  eases 
the  quantity  of  these  salts, 
(c.)   The  amount  and  nature  of  the  saline  consti- 
tuents, 
(d.)  The  d^ree  of  hardness. 
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(e.)  The  exutence  and  the  amount,  if  present,  of 
metalfl. 

^.)  The  existence  and  the  amount  of  purgative  salts, 
BQch  as  the  sulphate  aad  carbonate  of 
magnesia,  or  the  sulphates  of  soda  and  potash. 

In  the  majority  of  cases  that  present  themselves, 
iuformatioD  on  the  first  two  points  is  alone  needed. 


CHAPTEE    n. 

THE  DSTESUDIA.TIOIf  OF  THE  AMOUNT  AKD  NA.I^'BE  Of 
THB  ORQAHtC  HATTEE. 

All  ivaten,  even  the  pnreat,  contain  some  oiganic 
matter.  The  excess  is  alone  objected  to ;  and  espe- 
cially that  of  animal  origin,  which  is  eepecially  prone 
to  pass  through  certain  putrefactive  changes. 

A  great  variety  of  methods  have  been  employed  at 
different  times  by  English  and  German  chemists.  With- 
out adverting  to  the  history  of  the  subject,  which  would 
be  foreign  to  the  purpose  of  this  little  work,  I  shall 
describe  those  which  have  taken  the  lead,  and  aie  now 
believed  in  and  practised  hy  medical  officers  of  health 
and  analysts  in  their  attempts  to  pronoonce  on  the 
quality  of  a  water.  The  employment  of  these  very 
dissimilar  modes  has  led,  nnfortunately,  to  most  con- 
tradictory results : — 

1.  By  noting  the  presence  or  absence  of  any  smell  in  uoMpc 
the  air  vith  which  the  water  has  been  violently  shaken,  ^^^^ 
and  by  observing  the  "  keeping  powers  "  of  a  water. 

2.  The  colour  test. 

3.  The  trichloride  of  gold  test.- 

4.  Heisch's  test  . 

5.  Fleck's  test, 

6.  The  zymotic  or  microzyme  test 

7.  The  permanganate  of  potash  process. 

8.  The  Wanklyn,  Chapman,  and  Smith  process, 
d.  The  Fraokland  and  Armstrong  process. 


14       the  detebhinattok  of  the  amount  and 

1. — ^The  Sueuj  and  "  Keeping  Powers  "  of  a  Water. 

27u  Smdl. — ^The  most  rough-aDd-ready  way  that 
has  been  employed  for  aacertBining  whether  or  not  a 
water  is  polluted  with  oi^ianic  matter  is  to  partly  fill  a 
clean  bottle  with  a  sample  of  it,  and  iiaving  violently 
shaken  the  same,  to  take  a  hearty  sniff  at  the  air  of 
the  bottle  which  has  been  agitated  with  the  water.  If 
the  air  smells  sweet  and  fresh,  the  absence  of  an  in- 
jurious amount  of  organic  matter  is  inferred,  and  vice 
vend.  There  is  no  doubt  but  that  much  may  be  learnt 
in  this  way  by  those  who  do  not  blunt  their  sense  of 
smell  by  smoking,  especially  if  they  frequently  practise 
this  primitive  test.  It  is  very  easy  to  distinguish  thus 
between  river  and  spring  water;  and  a  very  impure 
water,  which  may  exhibit  no  fault  to  the  eye,  may 
frequently  disclose  to  the  olfactory  nerves  the  fact  of 
its  pollution.  If  no  smell  is  noticed  in  tiiis  manner, 
some  may  be  observed  on  gently  warming  the  water ; 
and  if  none  then,  the  addition  of  a  few  grains  of  caustic 
potash  may  render  it  apparent.  Mr.  Crookes'  device  is 
as  follows : — "  Take  two  or  three  ounces  of  the  water, 
the  smell  of  which  is  to  be  tested,  and  warm  it  care- 
fully and  quickly  in  a  flask  to  a  temperature  of  about 
102°  or  104°  Fahr.,  say  4°  or  6°  above  blood  beat  j 
then  take  a  glass  tube  of  about  f-inch  diameter  and  3 
feet  long,  put  the  fiask  containing  the  water  on  the 
floor,  carefully  suck  up  the  water  five  or  six  times  into 
this  tube  until  the  inside  of  the  tube  is  thoroughly 
wetted  with  the  water,  then  allow  the  water  to  escape, 
and  closing  one  nostril  with  the  finger,  take  two  or 
three  full  inspirations  through  the  tube  with  the  other 
nostril."     It  should  be  borne  in  mind,  however,  that 
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the  existence  of  an  unpleasant  odour  or  taste  about 
the  water  from  a  well  sunk  in  clay  is  no  proof  of  the 
pollution  of  that  water  with  oi^anic  matter.  Water,  if 
allowed  to  remain  long  in  contact  with  certain  kinds  of 
clay,  in  some  situations,  acquires  such  an  objectionable 
smell  as  tA  be  sometimes  quite  undrinkable,  and  yet 
may  not,  at  the  same  time,  contain  an  amount  of  organic 
matter  that  would  warrant  its  condemnation.  Com- 
plaints are  made  sometimes  of  this  smell  in  the  case  of 
waters  of  artesian  wells,  sunk  through  the  clay,  where 
the  sapply  of  water  is  much  greater  than  the  demand. 
A  well  of  this  kind  can  be  made  to  furnish  excellent 
water  by  the  frequent  withdrawal  of  its  contents,  or,  if 
that  is  not  practicable,  and  the  well  be  an  artesian  one, 
by  the  filling  up  of  the  dug  portion  of  the  well  and  by 
drawing  the  supply  solely  from  the  bore-pipe.  In  this 
way  the  water  is  prevented  from, lying  long  in  contact 
with  the  sides  of  the  well  The  clay  contains  in  some 
situations  Httle  nodules  of  iron  pyrites — i.e.,  sulphide 
of  iron,  and  fossils  of  the  same  composition.  They 
possess  a  peculiar  odour,  which  they  give  forth,  espe- 
cially when  wetted  and  rubbed.  This  odour  seems  to 
be  in  some  cases  communicated  to  the  water,  and  re- 
minds one  of  sulphurous  acid,  and  occasionally  of  fennel. 
These  offensive  waters  often  contain  such  an  enormous 
excess  of  chlorides  and  other  saline  mattera  as  to  be  not 
potable;  they  are  known  by  the  public  as  " brackish" "Bwo 
waters.     Here  is  an  example ; — 

BolidL  CUoriiw. 

WeU  beUnd  "  Compasses,"  PH.WH    .         380-  29-6 

Other  waters  from  the  clay  have  a  decided  smell  of  -Rati 
sulphuretted  hydrogen  gas,  and  become  turbid  on  stand-  *" 
iog,  in  consequence  of  the  separation  of  sulphur,  Books 
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tell  no  that  sulphuretted  hydrogen  is  generated  from 
the  decomposition  of  water  and  iron  pyrites.  Before 
this  gas  is  produced,  I  think  with  Mr.  Slater  that  a 
pardal  decomposition  of  sulphide  of  iron  probably  occuis 
with  a  formation  by  oxidation  of  eulpboric  acid.  This 
acid  acts,  then,  on  the  remaning  sulphide  of  iron, 
evolving  sulphuretted  hydrogen  gas. 

It  has  been  considered  probable  by  some  that  this 
gas  arises  from  the  decomposition  of  sulphates  throtigh 
the  instrumentality  of  certain  algte. 

Professor  Eubel  states  *  that  if  water  is  warmed  to 
110°  F.,  the  olfactory  nerves  can  detect  coal  gas  if 
present  in  a  water,  when  chemical  means  fail  to  do  sa 

A  peculiar  fish-like  odour  has  been  observed  in  some 
of  the  lakes  and  rivers  of  the  United  States.  The  water 
supplies  of  New  York,  Boston,  Baltimore,  and  many 
other  cities,  and  the  water  of  the  Tennessee  river  near 
Nashville,  have  been  at  times  thus  unpleasantly  affected. 
A  very  interesting  investigation  has  recently  been  made 
by  Professor  Lattimore,  of  the  Univeraity  of  Bochester, 
respecting  the  Hemlock  Lake  supply  of  that  city,  who 
arrived  at  the  following  conclusions  : — 

1.  The  fish-like  odour  is  due  to  some  obscure  con- 
dition of  certain  undetermined  species  of  algse,  probably 
to  their  decay  and  decomposition ; 

2.  The  development  of  this  odour  seems  to  be 
generally  coimected  with  the  rise  of  temperature  in 
summer ;  in  one  case  It  commenced  with  a  falling  tem- 
perature in  autumn ; 

3.  No  evidence  is  forthcoming  to  warrant  a  suspi- 

*  Anldtnng  tar  Untermchtuig  von  Wuasr.     Zweits  Auflage  toq 
Dr.  F.  Tiemaan :  Brauiucliweig,  lS7t. 
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cion  of  such  water  posaeasing  any  deleteriouB  effect  on 
the  health  of  those  vho  dnnk  it. 

The  "Keeping  Povjtra"  of  a  Water. — The  property  "KMpiig 
possessed  by  a  water  of  "keeping"  for  a  greater  or  less^Jf"""*' 
length  of  time,  without  undetgoii^  any  change  percep- 
tible to  the  unaided  eye,  hae  been  employed  as  a  gauge 
of  the  purity  of  a  water.  That  a  pure  water  can  be 
preserved  unchanged  for  a  considerable  time,  and  that 
an  impure  water  will  soon  become  altered  in  appearance, 
are  imdoubted  facts.  It  is  equally  true,  however,  that 
Bome  waters  of  the  greatest  purity  will,  very  soon  after 
removal  from  their  sources,  be  found  to  display  vegetable 
life ;  for  example,  some  artesian  waters,  that  possess  a 
laige  amount  of  free  ammonia.  The  temperature  of  the 
ail  has,  of  course,  much  to  do  with  the  "keeping  powers" 
of  a  water ;  life  and  growth  being  more  active  in  hot 
than  in  cold  weather. 


2. — The  Colour  Test. 

It  is  helpful  in  forming  an  opinion  as  te  the  quality  Tbaooionr 
of  a  water  to  pay  a  certam  regard  to  its  colour,  although, 
apait  from  other  indications  of  its  condition,  no  reliance 
Bhould  be  placed  on  this  teat.  Speaking  generally,  it 
may  be  said  that  waters  polluted  by  filth  have  various 
shades  of  a  straw  or  brownish  tint,  deeper  in  proportion 
to  the  amount  of  filth  which  they  contain.  To  this  rule 
there  are  many  exceptions.  A  water  may  possess  a 
strong  brown  or  yellowish  tint  and  yet  be  pure — t.g., 
gome  peaty  waters,  and  waters  containing  iron.  Certain 
artesian  waters  of  great  purity  have  a  straw  tint.  The 
Loch  Katrine  water,  which  supphes  the  city  of 
Glasgow,  displays  a  colour  apparent  to  every  one.     On 
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the  other  hand,  some  vatera  that  are  as  devoid  of  colour 
as  distilled  water,  and  exhibit  a  greater  briUiancy,  are 
found  to  be  polluted  -with  a  lai^  amount  of  animal 
filth.  Waters  from  different  sources  are  often  proposed 
for  the  supply  of  a  town  or  village  with  the  object  of 
selecting  that  one  which  is  in  all  respects  the  beet.  If, 
on  analysis,  two  or  three  of  the  collection  should  appear 
to  be  equally  good,  the  one  possessing  the  least  colour 
should  be  preferred. 

It  has   been   proposed  to   measure   definitely   the 
Hr.T.Eing'i  colour  of  Water  in  two  or  three  ways.     Mr.  F.  King, 
^^^      Analyst^  of  Edinburgh,  accomplishes  this  object  by  pre- 
nnt         parLog  a  standard  solution  of  caramel  or  burnt  sugar 
(such  as  is  used  for  colouring  soups),  which,  by  means 
of  a  graduated  burette,  is  dropped  in  certain  known 
quantities  into  distilled  water  so  as  to  match  the  tint 
of  the  water  under  examination.*     An  apparatus  has 
Or.  Bow-     recently  been  devised  by  Dr.  Bowditch  t  for  testing  the 
;.  depth  of  colour  of  different  specimens  of  watw.     The 
instrument  consists  of  two  tubes,  B  and  D,  sliding,  water- 
tight, one  within  the  other,  the  lower  end  of  each  tube 
being  closed  with  a  disc  of  plate  glass.     Into  the  large 
tube,  B,  just  above  the  plate  glass  disc,  is  inserted  a 
piece  of  small  tubing,  which  terminates  in  a  funnel- 
shaped  receiver,  A.     Water  poured  into  this  receiver 
will   therefore  pass  into  the  space  between  the    two 
{^Bss  discs,   entirely   filling  the  outer  tube  when  the 
inner  tube  is  withdrawn,  and  again  returning  to  the 
receiver  when  the  inner  tube  is  passed  down,  so  that 
the  glass   discs   come   in   contact   with    each    other. 

*  CKemieal  Ifeua,  March  25,  1875. 

"t  DeKribed  in  Report  upon  the  Porit;  of  the  different  riven  ironiid 
Boiton  (City  Docvroent,  No,  142). 
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Thioi^h  an  opening,  near  the  upper  end  of  the  smallei 
tube,  ia   inserted  one  end  of  a  rhombic  prism,  £,  in 


which  total  internal  reflection  takes  place  twice.  This 
pnsm  extends  half-way  across  the  inner  tube,  so  that 
an  eye,  looking  through  the  eyepiece,  sees  the  field  of 
Tision  nearly  half  filled  by  the  surface  of  the  prism  (see 

r»2). 

The  eyepiece,  G,  contains  a  single  lens,  which  is 
(ocossed  upon  the  upper  surface  of  the  prism.  The 
podtiou  and  angles  of  the  prism  are  such  that  a  ray  of 
light,  oateide  of  and  parallel  to  the  tube,  B,  is  reflected 
first  directly  into  the  tube,  D,  and  then  parallel  to  its 
uis,  thus  emerging  from  the  prism  and  entering  the 
eyepiece  alongside  of  the  rays  of  light  which  have  passed 
through  the  two  plate-glaas  discs.  It  will  thus  be  seen 
that  the  conditions  for  comparing  the  colour  and  in- 
tensity of  these  two  sources  of  light  are  as  favourable 
u  poflsibla 
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A  piece  of  white  card,  C,  fastened  at  the  lower  end 
of  the  larger  tube,  throws  a  uniform  white  light  thiongh 
both  tuhes,  and  also  along  the  outside  of  the  inBtnunent 
into  the  prism. 

In  using  the  instrument  a  piece  of  brownish  yellow 
glass  is  placed  in  front  of  the  prism,  and  the  water 
■whose  colour  ia  to  be  determined  is  poured  into  the  le- 
ceiver. 

The  inner  tube  is  then  withdrawn  until  the  column 
of  water  between  the  two  glass  discs  is  sufficiently  long 
to  give  to  the  light  passing  through  it  a  colour  equal 
to  Uiat  imparted  by  the  coloured  glass  to  the  light 
passing  through  the  prism.  The  length  of  this  column 
of  water,  which  will,  of  course,  vary  inversely  with  the 
depth  of  the  colour,  can  be  determined  by  means  of  the 
scale  on  the  inner  tube.  By  this  means  the  relative 
intensity  of  colour  of  various  specimens  of  water  may 
be  determined  wiUi  oonsidetable  accuracy. 

The  late  Dr.  Letheby  was  in  the  habit  of  employing 
glass  cylinders  2  feet  long  and  2  inches  in  diameter 
for  making  comparative  observationB. 

It  is  sufficient  for  the  health  officer  to  take  two 
Nessler  glasses  of  the  ordinary  size,  6  inches  long  and  1^ 
inch  in  diameter,  which  should  be  free  from  colour,  and 
having  filled  one  with  the  water  to  be  examined  and 
the  other  with  distilled  water,  to  stand  them  side  by  side 
on  a  white  porcelain  slab,  and  looking  down  through 
both  columns  of  fluid  judge  of  the  degree  of  difference 
(if  any)  in  tint. 

3. — The  Trichloride  of  Gold  Test. 
A  neutral  or  feebly  acid  solution  of  the  trichloride 
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of  gold  has  been  employed  by  some  for  the  estimatioii 
of  &e  amount  of  oxidizable  organic  matter.  About 
100  ca  of  the  sample  of  water,  having  been  rendered 
yellow  with  a  few  drops  of  this  valuable  solutioQ,  is 
boiled.  The  organic  matter  reduces  the  gold,  and  yields 
a  purplish  colour  more  or  less  deep,  and  a  precipitate  of 
a  dark  violet  hue.  Nitrites,  if  present  in  tbe  water, 
produce  the  same  effect  This  test  has  been  almost 
entirely  abandoned  in  water  examinations. 

4. — Hhsch's  Test. 

This  t«st  consists  in  the  addition  of  10  grains  of  the 
purest  sugar  to  5  ounces  of  the  water,  in  a  perfectly 
clean  bottle,  which  should  be  completely  filled  by  it 
The  stopper  having  been  accurately  adjusted  so  as  to 
thoroughly  exclude  atmospheric  air,  the  bottle  of  water 
is  exposed  to  daylight  at  a  temperature  of  about  70°  F. 
In  the  course  of  about  24  hours  certain  little  bodies,  if 
the  water  contains  sewage,  may  be  seen  floating  about, 
provided  we  look  carefully  through  the  water  against  a 
black  cloth  suspended  behind  it.  These  bodies  are 
found  to  consist,  when  examined  by  J  or  ^  inch  objec- 
tive, of  cells  wil3i  very  bnlliant  nuclei  These  cells 
subsequently  group  themselves  like  grapes  in  a  bunch. 
Ultimately  the  odour  of  butyric  acid  becomes  perceptihia 
Dr.  Frankland  found  that  growths  were  producible  in 
pure  water  contaituog  in  solution  nitrate  of  ammonia, 
phosphate  of  soda  and  sugar,  and  came  to  the  conclusion 
that  the  presence  of  phosphates  in  a  water  is  solely 
needful  to  occasion  this  phenomenon.  Mr.  Heiscb  con- 
tends that  the  growths  considered  by  him  as  distinctive 
of  the  existence  of  sewage  differ  altogether  from  those 
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seen  b^  Dr.  Frankland  as  resoltiiig  from  the  presence 
of  phospbatea.  He  holds  that  the  hodies  due  to  aewags 
ate  developed  without  the  pieseoce  of  aii  (he  had  indeed 
fiiBt  obsenred  them  in  a.  liquid  saturated  with  carbonic 
acid),  whilst  those  noticed  by  Dr.  Fiankland  in  waters 
containing  phosphates  would  not  form  if  air  is  excluded, 
and  are  then  always  accompanied  by  bacteria,  and  are 
not  attended  by  the  formation  of  butyric  acid. 

6. — Fleck's  Test, 

which  ia  scarcely  known  in  this  countiy,  is  employed 
by  some  Germans.  The  nitrate  of  silver  and  hypo- 
sulphite of  soda  are  the  salts  that  are  requisite  in  the 
working  of  the  method.* 


6. — The  Zymotic  oe  Micbozyme  Test. 

The  water  to  be  operated  on  is  collected  by  heating 
the  tube  or  flask  intended  for  ita  transportation  to  a 
high  temperature,  and  hermetically  sealing  it.  The  neck 
thus  sealed  is  broken  underneath  the  suriace  of  the 
water  of  which  a  sample  is  to  be  taken.  Some  of 
Pasteur's  solutiont  (clear  and  &esh)  having  been  boUed, 
one  or  two  cnbic  centimetres  of  it  are  dropped  into  a 
test  tube  that  has  been  heated  to  395°  F.  Four  or  five 
drops  of  the  water  to  be  examined  are  then  added,  and 
the  mouth  of  the  tube  is  plumed  with  cotton  wool  If 
microzymes  or  organic  germs  exist  in  the  water,  it  will 

*  JtAruberidU  der  Chsm.  Centralatelle  £  o£  Oes.  PfL  L  Dresden. 
Dresden,  1872. 

t  Eecipe — CryiUUised  sugar,  10  gnumnes  ;  ammonimn  tartrete, 
'6  grunoie  ;  ;eMt  uh  (well  bomt),  '1  giamnie ;  diitilled  water,  100 
cnb.  cent. 
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in  s  few  days  become  opaque  from  the  presence  of 
myriads  of  bacteria  The  amount  of  impurity  in  a 
water  is  estimated  by  the  decree  of  opacity  and  the 
greater  or  less  rapidity  with  which  this  d^ree  is 
teached.  Bacteria,  vibriones,  etc.,  are  found  in  the  purest 
waters  in  an  infiuitesim&l  amount  Their  presence  in 
any  quantity  indicates  the  co-existence  of  certain  organic 
substances  in  a  state  of  decomposition. 

Unfortunately  no  unchangeable  line  or  basis,  on 
which  comparatiTS  examinations  of  waters  could  rest,  is 
discernible  in  this  or  in  the  last  described  methods. 


7. — ^The  Pesmamqanate  of  Potash  Process. 
A.  Qualitative  Examination. 

In  the  year  1850,  Prof.  G.  Forchhammer  of 
Copenhagen  proposed  *  to  employ  a  solution  of  per- 
manganate  of  potash  for  determining  the  amount  of 
organic  matter  in  water. 

The  t«8t  solution,  which  is  prepared  by  dissolving 
a  small  quantity  of  pure  permanganate  of  potash  in 
some  distilled  water,  forming,  in  fact,  "  Condy's  Fluid," 
has  been  used  qualitatively  and  quantitatively  as  a 
measure  of  the  oxidizable  organic  matter  in  a  drinMi^ 
water,  in  terms  of  the  oxygen  required  to  oxidize.  Per- 
manganate of  potash  readily  yields  oxygen  to  many 
sabetances  capable  of  combining  with  this  element,  of 
which  oi^anic  matter  is  one  amongst  several  others,  such 
as  iron,  nitrites,  and  sidplraretted  hydrt^n,  that  are 
liable  to  occur  in  drinking  waters,  this  chemical  change 
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being  accompanied  by  the  diBappearance  of  the  charac- 
teristic violet  tint  of  the  solution. 
Qodtu-  The  common   practice    amongst  conntiy   surgeons 

""''■  and  dummy  medical  ofBcers  of  health  has  in  the  past 
been  to  add  two  or  three  drops  of  a  solution  of  pei- 
manganate  of  potash  to  the  water  to  be  exaudned  in  a 
test  tube,  and  to  note  the  extent  to  which  the  original 
pink  tint  is  replaced  by  a  brown  colour,  and  the  rapi- 
dity of  the  change  The  amount  of  organic  matter  is 
supposed  to  be  indicated  by  the  degree  and  rapidity  of 
the  de-oxidation. 

The  rules  that  guide  those  who  rely  on  the  perman- 
ganate of  potash  as  a  qualitative  test  are  the  foUow- 
EoiM.  ing  : — "  If  decomposed  organic  matter  be  present  in  a 
degree  hurtful  to  health,  the  pink  colour  is  chained  to 
a  dull  yellow ;  or,  if  a  still  laiger  quantity  exists  in 
the  water,  the  colour  will  in  time  entirely  disappear. 
Where  the  colour  is  rendered  paler,  but  still  retains  a 
decidedly  reddish  tinge,  then,  although  putrefying  or- 
ganic matter  is  present,  it  is  so  in  such  minute  quanti- 
ties as  are  not  likely  to  be  immediately  hurtfuL  The 
quicker  and  more  perfect  the  decoloration  of  the  water 
tested,  the  greater  is  the  quantity  of  decomposing 
organic  matter." 

Dr.  Frankland*  and  Mr.  Wanklyn  have  both  shown 
the  uselessness  of  this  permanganate  of  potash  test ; 
but  it  is,  notwithstanding,  still  employed  by  some,  and 
often  with  misleading  results.  In  a  "  Keport  of  the 
Analytical  Sanitary  Commission  on  Disinfectants " 
{Lancet,  August  9,  1873,  p.  194),  this  fact  is  referred 
MotraUad  to.  The  writer,  however,  adds  that  the  fallacious  in- 
°^j^.      dicatious  of  this  permanganate  of  potash  test  "  has  led 

*  Joumal  of  Chtmieal  Society,  vol  ixi.  p.  77. 
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to  tiie  total  disuBe  of  the  old  method  of  testing  water." 
Xf  this  leault  had  been  attained  I  should  not  now  be 
warning  my  brother  health  officers  against  this  pro- 
cess, which  has  become  obsolete  amongst  professional 
analysts.  Scientific  chemists  well  know  that  this  salt 
does  not  oxidize  albuminoos  matters ;  and  to  this  fact, 
ita  tailore,  as  a  test  for  the  organic  matter  in  water, 
may  doubtless  in  part  be  attributed.  Without  entering 
into  chemical  details,  it  may  be  said : — (1)  That  it  some- 
times fails  to  aSbrd  any  indication  of  the  presence  of 
organic  matter  in  water  that  may  contain  a  laige  quan- 
tity of  it ;  and  (2)  that  it  is  not  sufficiently  sensitiva 
It  I  prove  these  statements,  it  will,  I  think,  be  admitted 
that  ample  evidence  has  been  afforded  to  warrant  the 
assertion  that  the  permanganate  of  potash  test  should 
not  solely  be  relied  on  for  determining  the  organic  pol- 
lution of  a  water.  I  was  asked  some  time  ago  to 
examine  the  water  from  a  well,  the  purity  of  which 
was  questioned,  the  result  of  the  analysis  being  a 
matter  of  the  greatest  moment,  involving  important 
iuteresta  It  was  collected  by  the  inspector  of  nuisances 
in  a  perfectly  clean  bottle,  supplied  by  myself.  The 
permanganate  of  potash  test  gave  no  indication  whatever 
of  the  presence  of  organic  matter,  although  allowed  to 
act  on  the  water  for  different  periods  of  time.  On 
making  a  quantitative  analysis  of  the  water  by  means 
of  the  Wanklyn,  Chapman,  and  Smith  process,  the 
following  result  was  arrived  at : — 


DaU. 

WuJdyii,  Chapmu,  ud  Smith  proceB. 

Fermuig.  of  Foluh  Test. 

Sept  3. 
D^  16. 

PirtperlHlUon- 

Nocb«ng«. 

■02" 
■OS 

Alb.  Ammo.li. 
■42 
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Here,  then,  is  a  vater,  exhibiting  between  four  and 
five  times  more  of  organic  matter  than  the  mft^imntn 
quantity  contained  in  good  drinking  water  which  yields 
no  change  with  permanganate  of  potash.  The  analysis 
of  December  shows  an  increase  in  the  degree  of  pollu- 
tion of  the  water.  The  permanganate  of  potash  neither 
indicated  the  increase  in  the  amount  of  impurity,  nor, 
indeed,  the  presence  of  any  organic  matter.  Dr.  Par- 
sons refers*  to  an  interesting  case,  which  shows  the 
onreliability  (if  I  may  coin  a  word)  of  the  permangan- 
ate of  potash  test.  He  writes :  "  I  have  had  te  examine 
a  sample  of  water  upon  which  suspicion  fell,  from  the 
fact  that  five  persons  who  drank  it  were  taken  iU  at 
the  same  time  with  enteric  fever.  The  owner  of  the 
well  refused  to  believe  that  the  water  could  be  in 
fault,  because  it  was  clear,  and  had  no  unpleasant 
taste  or  smell,  and  because  he  had  tried  it  with 
Candy's  fiuid  which  had  kept  its  colour.  Never- 
theless,  on   analysis,   it    yielded    the    following   large 
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1-08. 

"  On  examining  the  well  it  was  found  that  the  cess- 
pool of  a  privy  bad  overflowed  into  it."  It  must  be 
admitted  by  all  that  the  permai^nate  of  potash  is 
not  sufficiently  sensitive  when  it  fails  to  make 
any   distinction  between   such  waters   as  the   follow- 


"Uemonuidaiii  on  Wkter  AoBlytia." — Ptiilic  Beallh,  Jnne  16,  1871. 
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In  the  subjoined  analysee  the  permanganate  of 
potABh  positively  leads  us  into  the  error  of  supposing 
that  the  ofiensive  and  impure  water  is  purer  than  the 
utesian  water  which  is  of  the  highest  excellence. 


SowlM  «».(«. 
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The  medical  ofQcer  of  health  of  the  Goole  and 
Selby  Sanitary  Districts  very  properly  remarks,  with 
lefeience  to  this  test :  "  The  permanganate  of  potash 
test  is,  I  find,  aa  tedious  as  the  ammonia  process,  while 
tiie  shades  of  colour,  from  their  dissimilarity  in  kind  as 
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well  aa  in  degree,  are  far  more  diffictilt  to  compare 
th&a  those  of  the  latter  process.  Should  decoloration 
occur,  it  does  not  follow  that  it  is  due  to  sewage  con- 
tamination ;  nor,  on  the  other  hand,  if  the  colour  be 
petmanent  does  it  always  prove  that  the  water  is  pure." 

Enteric  fever  broke  out  at  a  little  town  in  mj  dis- 
trict, and  was  confined  to  the  market-place.  Being 
temporarily  prevented  from  analysing  waters  according 
to  the  Wanklyn,  Chapman,  and  Smith  process,  I  tested 
that  of  the  public  well  around  which  the  fever  was 
confined,  with  a  solution  of  permanganate  of  potash, 
and  found  no  indication  of  impurity.  As  the  fever 
still  spread,  notwithstanding  the  adoption  of  the  pre- 
ventive measures  customary  in  such  cases,  I  made  a 
proper  analysis  of  the  water.  Finding  it  impure,  I 
advised  the  Sanitary  Authority  to  order  the  well  to  be 
closed,  which  was  accordingly  done  The  cottagers 
were  directed  to  a  pure  water  supply,  and  the  fever 
speedily  disappeared.  I  subsequently  ascertained  that 
a  rotten  drain  passed  within  two  yards  of  the  well,  and 
that  a  neighbouring  cesspool  had  been  occasionally  seen 
to  overflow  into  it. 

Such  is  the  permanganate  of  potash  test  applied  in 
the  usual  rough  and  ready  manner.  Some,  such  as 
Dr.  W.  A.  Miller,  Mr,  V.  Harcourt,  and  Dr.  Woods, 
have  applied  it  in  a  quantitative  manner  for  the 
analysis  of  water  with  better  success.  There  are 
fluch  diverse  ways  of  employing  this  t«st  that  it  is 
impossible  to  institute  any  comparison  between  the 
results  arrived  at.  Some  add  an  acid,  e.g.,  sulphuric 
acid,  and  others  add  an  alkali,  e.^.,  milk  of  lime,  to  the 
water,  before  treating  with  the  permanganate  solution. 
Some  conduct  the  process  at  the  temperature  of  140°  F., 
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ind  others  at  the  temperature  of  the  air.  Some  allow 
the  pemiaiiganate  to  act  for  a  few  minutes,  and  others 
6a  boon,  on  the  water  under  ezamiuation.  Some  who 
employ  this  test  prepare  a  solution  hj  dissolving  two 
gniiiB  of  the  pure  salt  in  10^  oz.  of  distilled  water. 
Ten  minims  of  this  solutioD  is  said  to  yield  xi^tm  *^^  ^ 
gnin  of  ozygeiL  The  quantity  of  the  solution  required 
for  a  known  quantity  of  the  water  is  divided  by  10, 
th  Testdt  giving  the  number  of  thousandths  of  a 
gnin  of  oxygen  consumed. 

B.  Quantitative  Examinaiion. 
The  two  best  quantitative  processes  are  undoubtedly 
^t  for  many  years  practised  by  the  late  Dr.  Letheby, 
and  DOW  employed  by  Dr.  Tidy,  and  that  modification 
adopted  by  Drs.  Woods  and  F.  de  Chaumont,  which  in  my 
opnion  is  the  simpler  and  the  better.  Professor  Kubel's 
Tariety  of  the  permanganate  of  potash  process  closely 
Rttmbles  the  latter,  but  is  inferior  to  it. 

Iks.  Ldh^  and  Tidf^s  Permanganate  of  Potash 

Quantitative  Process  of  Water  Analysis. 

The  following  mode  of  employing  the  permanganate 

of  potash  test  was  originally  devised  by  Dr.  W.  A, 

Miller  and  Mr.  V.  Harcourt,*  but  has  been  almost 

eiclusively  practised  by  Dr.  Letheby  and  his  successor. 

Before  commencing  the  analysis  a  solution  of  the  qnuuu- 
»odic  hyposulphite  should  have  been  prepared  by  dis- ""''" 
■olring  5'4  grains  in  a  decigallon  of  distilled  water. 
As  a  solution  of  this  salt  readily  decomposes  even  in 
24  hours,  it  is  necessary  to  make  a  fresh  solution  very 
*  "  ObaerratioDa  on  aome  Points  in  the  An&lysi*  of  Potable 
WiUn,"  ID  Journal  of  Chemieal  Soeietjf,  Mft;  1S65,  S«r.  II.  toL  iii. 
^117. 
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frequently.  Take  a  ^ecigalL  flask  and  two  Btoppered 
20-ounce  bottles.  Four  a  -^ecigaU.  of  distUled  water 
free  from  ammonia  into  one  of  the  Isottlea,  and  then 
introduce  a  like  amoimt  of  the  sample  of  water  to  be 
examined  into  the  other  stoppered  bottle.  Add  to  the 
contents  of  each  bottle  by  means  of  a  pipette  gradu- 
ated ID  septems)  20  eeptems  of  dilute  sulphuric  acid 
(one  part  of  acid  mixed  with  three  parts  of  distilled 
water).  Add  to  the  acidified  water  in  each  bottle  by 
means  of  a  pipette  20  septems  of  a  standard  solution 
of  potassic  permanganate  (made  by  dissolving  2 
grains  of  the  salt  in  1000  septems  of  distilled  water). 
Allow  both  bottles  and  their  contents  to  stand  for  three 
hours.  At  the  expiration  of  this  time,  when  the  pink 
colour  of  the  sample  will  have  been  exchanged  for  a 
tint  of  reddish  brown  mote  or  less  great,  add  to  each 
bottle  a  little  of  a  solution  of  potassium  iodide  of  any 
strength  (pot.  iodide  5j  in  jx  of  distilled  water  is 
generally  employed),  taking  care  to  add  it  in  excess. 
The  mixtures  in  the  two  bottles  then  become  of  a  pale 
amber  colour.  The  sodic  hyposulphite  solution,  which 
has  been  placed  in  a  burette  (100  septems  in  100  parts 
graduation),  should  be  run  into  each  bottle  in  sufficient 
quantity  to  create  the  almost  complete  disappearance  of 
the  colour,  and  the  amount  used  should  be  noted. 
Before  the  colour  qiute  disappears,  add  two  or  three 
drops  of  a  solution  of  stareh  (one  part  of  starch  boiled 
in  100  parts  of  distilled  water)  to  each  bottle,  which 
gives  rise  to  the  production  of  the  blue  iodide  of  starch. 
Then  resume  the  addition  of  the  solution  of  the  sodic 
hyposulphite  to  each  bottle  until  the  blue  colour  has 
wholly  disappeared.  The  sample  of  water  tested  will  of 
course  be  found  to  require  less  sodic  hyposulphite  than 
the  distilled  water  sample  or  standard.     If  this  analysis 
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is  properly  performed,  a  single  drop  of  the  permanganate 
of  potash  solution  should  give  to  the  conteDts  of  each 
botUe  a  tinge  of  the  ordinal  pink  colour.  Nitrites, 
irhich  imvudiaidy  decolourize  the  permanganate  of 
potash  solution,  are  supposed  to  be  estimated  by  noting 
the  amount  of  this  salt  decolourized  in  Jive  minutes,  a 
datmn  &om  which  the  quantity  of  oxygen  consumed  is 
ewQy  calculated.  At  the  end  of  an  analysis,  a  deduc- 
tion of  the  oxygen  thus  withdrawn  is  made  from  the 
total  amount  that  has  been  expended.  In  practice,  how- 
ever, the  nitrites  are  rarely  troubled  about  Dr.  Tidy's 
tssistant,  who  kindly  showed  me  how  to  work  the  pro- 
cess, and  who  performs  the  majority  of  his  analyses, 
does  not  estimate  the  nitrites  in  this  way,  and  make  the 
needful  correction.  Dr.  Tidy's  published  tables  of  bis 
tnalyses  of  the  metropolitan  waters*  do  not  contain  a 
separate  determination  of  nitrites,  wherewith  the  results 
airived  at  by  the  employment  of  the  permanganate  of 
poUsb  process  may  be  improved  in  accuracy.  The 
unouut  of  oxygen  required  t«  oxidize  the  organic  matter 
is  calculated  thus : — 

X  =  total  oxygen  required. 
y=:  oxygen  consumed  by  nitrites. 
z  =  oxygen  unused. 

X  — (y-(- z)  =  oxygen  required  by  organic  matter, 
vMcb  sbotdd  be  multiplied  by  8  or  9  wben  metropolitan 
waters  are  under  examination  (the  number  in  tbe  case 
of  other  waters  being  unknown),  in  order  to  obtain  the 
quantity  of  organic  matter. 

A  special  examination  is  directed  to  be  made  for  iron, 
and  a  deduction  be  allowed  for  its  amount,  which  is  in 
pfadice  rarely  carried  out. 

•  Fide  "The  Compotitiati  uid  CTwractw  of  WaUt  luppUed  to 
LoaAoa  front  1888  to  1877,"  being  a  Report  to  the  Soc  of  Hed.  Officxn 
tfHMlth.     1MB. 
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r  Rules. — Ko  rules  have  been  laid  down  for  guidance 
'■  as  to  the  amount  of  organic  matter  found  by  this  pro- 
cess, which  would  authorize  the  assertion  that  any  given 
sample  of  water  was  good,  bad,  or  indifferent  Sole 
reliance  is  not  placed  on  its  iudicationB,  apart  ham  those 
afforded  by  a  determination  of  the  saline  (  =  free)  and 
oiganic  (  =  albuminoid)  ammonia  and  the  chlorides.  It 
will  be  useful,  perhaps,  to  give,  as  examples  of  fairly  good 
waters,  the  following  analyses  of  metropolitan  supplies 
examined  in  part  by  the  permanganate  of  potash  process : 
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■bant  elflU  UmM  a 
If  Drs.  Letheby  and  Tidy's  modification  of  the  per- 
manganate of  potash  process  be  employed,  it  is  wise  to 
have  the  teat  bottles  as  small  as  possible,  and  to  keep 
them  in  the  dark  during  the  three  houra  allotted  for  the 
action  of  the  permanganate,  as  an  exposure  to  air  and 
light  will  of  itself  decompose  this  salt 

Drs.  Woods'  and  F.  De  Chaumont's  Permangatiaie  of 
Potash  Process. 
1.  Introduce  into  a  flask  250  c.  c.  of  the  water  to  be 
examined,  and  add  to  it  about  5  c.  c.  of  dilute  sulphuric 
acid  (1  part  of  the  strong  pure  acid  to  10  parts  of  dis- 
tilled water).     Drop  into  the  acidified  water  a  solution 
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of  Uie  permanganate  of  potash  (-395  gramme  of  the 
salt  dissolved  in  one  litre  of  distilled  water :  1  c.  c 
yields  '1  of  a  miUigramme  of  oxygen  in  presence  of 
acid)  sufficient  to  make  the  water  piuk ;  then  warm 
this  pink  mixture  up  to  140°  Fahr.,  taking  care  to  add 
more  permanganate  of  potash  solution  should  the  colour 
disappear  during  heating.  When  this  temperature  is 
reached,  take  away  the  lamp,  and  continue  adding  the 
permanganate  of  potash  solution,  until  a  pink  colour  is 
established  that  is  permaneDt  for  ten  minutes.  Note 
the  number  of  cub.  cents,  of  permanganate  of  potash 
Bolation  employed,  and  record  them  as  required  for  total 
laidiiaNe  matter. 

2.  Take  another  250a  c'a  of  the  same  water,  and  add  e 
to  it  5  c.  c.'s  of  dilute  sulphuric  acid.    Boil  the  acidified  ^ 
water  for  twenty  minutes.     Allow  it  to  cool  down  to™tt«™ii- 
UO"  F.,  and  then  test  with  permanganate  of  potash 
toktion  as  before.    Becord  the  amount  used  as  required 

fat  txndizabU  organic  matter  only. 

3.  The  difference  between  the  amount  of  perman- 1 
gaiiBte  of  potash  solution  needed  in  the  first  and  second  ^ 
operationB  represents  the  quantity  required  for  niirous 
aeid  only. 

Examples. 

Total  (hddizable  Afatter. 

250  c.  c.  or  ^  litre  of  sample  of  water  employed. 

Ko.  1. — 42  c.  c.  of  permanganate  of  potash  solution 

required :— 4-2  x  4  =  168  c.  c'a  per  litre. 
16-8X-0001  (co-efficient  for  oxygen)  =00168  or  168 
milligramme  of  oxygen  for  total  oiidizahh  matter. 

Oxidizable  Organic  Matter. 
I         250  c.  c  or  ^  litre  of  sample  of  water  employed. 
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No.  2. — 3'6  c  c's  of  permaDgaoate  of  potash  Bolution 

required : — 3'6  x  4  =  14'4  c  c.  per  litre. 
14-4  x-0001  (co-efficient  for  oxygen)  =  00144  or  1-44 
milligramme  of  oxygen  for  the  oxidizahU  organic 
matter, 

Niirous  Add. 
The  difTerence  between  the  amount  of  total  oxidizable 
matter  (1'68  milligramme  per  litre)  and  that  of  the 
organic  oxygen   (144   mill^ranmie   per  litre)    is  '24 
milligramme  per  litre  of  oxygen. 

■24  X  2-875  (co-efficient  to  convert  oxygen  into  nitrous 
scid)  =  '682  milligramme  of  nitrous  acid  per  litre. 
Total  OKygen.  |  Orgmic  Oiygen.  |  Mitrou*  Add. 
Hillignmine  per  Litre. 
V6S.  \  Tii.  I  -682. 
The  p^nnanent  pink  colour  estahUshed  by  adding  the 
permanganate  of  potash  Bolntion  to  the  sample  of  water 
must  be  the  hghtest  tint  distinctly  visible.  As  about 
6  c.  c.  of  the  solution  will  give  a  red  or  pink  colour  to  a 
litre  of  pure  water,  a  correction  for  colour  must  be 
made  when  great  accuracy  is  required.  This  correction 
would  amount  to  '06  of  a  milligramme  of  oxygen  in 
both  the  total  and  the  organic  oxygen.  Dr.  Woods' 
investigations,  on  which  this  process  is  based,  may  be 
found  in  the  Journal  of  the  Chemical  Society  for 
1861.  In  1868-1869,  Dr.  F.  de  Chaumont  made  other 
observations  which  improved  this  process,  by  showing : 
— (1)  that  when  water  polluted  with  sewage  was  boiled 
with  acid,  no  change  in  its  behaviour  with  perman- 
ganate of  potash  was  produced  ;  (2)  that  if  the  organic 
matter  in  it  was  mingled  with  nitrites,  all  of  the 
nitrous  acid  contained  in  them  could  be  boiled  away 
in  twenty  minutes,  without  material  loss  in  the  opera- 
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turn ;  and  (3)  that  the  reaction  of  Uie  mixtuie  equalled 
the  sum  of  the  reactions  of  the  two  estimated  separ- 
ately. 

It  has  been  found  that  the  action  of  permanganate 
of  potash  is  slow  and  imperfect  in  the  cold,  when  each 
equivalent  only  gives  off  three  instead  of  five  atoms  of 
oxygen,  but  that  the  organic  matter  is  acted  on  rapidly 
when  the  temperature  is  raised.  Dr.  F.  de  Chaumont, 
unlike  Drs.  Lethebj  and  Tidy,  does  not  give  any 
judgment  respecting  the  amount  of  organic  matter  in 
a  water.  He  neither  declares  that  it  is  eight  or  nine 
(as  Dr.  Tidy  asserts)  nor  twenty  times  (ea  Dr.  Woods 
stated)  the  amount  of  oxygen  of  which  the  perman- 
ganate of  potash  is  robbed,  as  the  proportion  is  no 
doubt  variable ;  for  the  organic  matter  may  be  of 
different  kinds  originally,  or  in  different  stages  of 
oxidation.  He  simply  and  solely  furnishes  the  amount 
of  oxygen  used  up  by  the  organic  matter.  The 
con«ction  necessary  in  consequence  of  the  action  of 
permanganate  of  potash  on  iron  is  but  seldom  made  in 
practice  on  account  of  the  infrequent  (?)  occurrence  of 
this  metal  in  drinking  water.  Wheo,  however,  this 
correction  is  made,  the  iron  is  separated  by  careful 
concentretioQ,  and  the  employment  of  the  colorimetric 
teat  with  ferrocyanide  of  potassium. 

The  only  other  body  likely  to  be  present  in  a  water 
which  wonld  affect  the  permanganate  of  potash,  is 
hydrogen  sulphide,  which  can  easily  be  detected  by 
smelling  the  water  after  violent  agitation  of  it  This 
gas  should  be  expelled  by  gently  warming  the  water 
before  the  analysis  is  commenced. 

SuUs. — 1.  A  good  water  contains  of  organic  oxygen  bd 
less  than  I'O  milligramme  per  litre.  '°' 

2.  A  uadbU  water  tMntains  of  organic  oxygen  moiQ 
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than  I'O  miUigraimae  per  litre,  and  lesa  than  1'5 
miUigraimue  per  litre. 

3.  A  Bu^icuma  water  contains  of  organic  ozjrgen 
more  than  1*5  and  leas  than  20  milligrammes  per  litre. 

4.  A  bad  walxr  contains  of  organic  oxygen  more 
than  20  milligrammee  per  litre. 

5.  Nitrites  ought  to  be  oigmf  &om  good  and  ■aaaik 
waters ;  their  presence  makes  waters  susjpimous,  and  if 
in  marked  quaritity  a  water  should  be  pronounced  to 
be  had. 

The  Objections  to  the  Permanffanate  of  Potaah  Ted, 
applied  in  the  beet  quantitative  manner,  may  be  thus 
summarized : — 

1.  FennangaQate  of  potash  readily  oxidizes  salts  of 
iron,  nitrites,  and  hydrogen  sulphide,  which  are  found 
in  drinking  water  not  uncommonly.  If  the  last  named 
can  be  alt^^ther  expelled  by  warming  the  water  before 
it  is  analyzed,  the  ferrous  salts  and  the  nitrites  require 
to  be  separately  estimated  and  the  needful  deductions 
made. 

2.  This  test  does  not  allow  us  to  distinguish  be- 
tween animal  and  v^table  organic  matter  in  a  definite 
and  measurable  way.  Animal  is  considered  to  be 
more  easily  acted  on  than  vegetable  organic  matter, 
but  this  distinction  is  inaccurate  and  unsatisfactoiy. 

3.  It  does  not  affect  urea,  kreatin,  sugar,  gelatine  or 
fatty  matters. 

8. — The  Wankltw,  Chapman,  and  Smith  Process, 

consists  in  the  estimation,  by  means  of  Kessler's  test,  of 
the  amount  of  ammonia  present  in  a  water  before  and 
after  it  is  distilled  with  a  solution  of  permanganate  of 
potash  and  a  large  excess  of  caustic  potash — a  mixture 
which  possesses   the  property   of   converting   oi^ganic 
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mtita  into  ammonia.  Neeeler's  test,  named  after  its 
diBcoveier,  ie  an  alkaline  Bolution  of  the  iodide  of 
mercniy  {vide  recipe  on  page  173),  and  is  capable  of 
detecting  1  part  of  ammonia  in  20,000,000  parts  of 
water.  The  addition  of  Nesslet  t«et  to  tbe  distillate  of 
a  Tster  containing  ammonia  is  attended  by  the  pro- 
dnctiou  of  a  yellowish  brown  or  amber  tint,  similar  to 
that  of  aherty,  due  to  the  formation  of  the  iodide  of 
tetramercummmonium,  the  depth  of  which  is  measured, 
IS  it  varies  according  to  the  amount  of  ammonia  present. 
Some  consider  that  it  is  only  sufficient  to  add  a  small 
quantity  of  the  Xessler  test  to  the  water  to  be  examined 
for  organic  matter,  and  that  the  depth  of  the  brownish 
lint  produced  exhibits  the  amount  of  organic  impurity. 
Tbe  Nessler  test  is  simply  a  test  for  ammonia,  and  is 
■tot  a  test  for  organic  matter  until  that  organic  matter 
1m8  been  converted  into  ammonia,  by  boiling  it  with  per- 
manganate of  potash  and  a  large  excess  of  caustic 
potash. 

Distillation  of  the  water  to  be  examined  for  ammonia 
adds  to  the  delicacy  of  the  process,  for  ammonia  admits 
o(  concentration,  and  minute  quantities  are  more  visible 
in  8  ranall  quantity  of  water  than  in  double  the  amount. 
Distillation,  moreover,  by  the  separation  of  the  Belts  in 
a  water,  such  as  magnesium  chloride,  etc.,  prevents  the 
milkiness,  often  created  on  the  addition  of  the  Nessler 
re-agent,  whieh  interferes  materially  with,  if  it  does  not 
altogether  prevent,  a  correct  estimation  of  the  quantity 
of  ammonia  contained  in  a  water.  I  cannot  too  strenu- 
ously urge  on  analysts  tbe  importance  of  the  relation 
between  the  free  ammonia  in  a  water  and  that  developed 
by  the  caustic  and  permanganate  of  potash  solution,  for 
on  it  is  mainly  based  the  indication  as  to  the  kind  of 
mganic  matter  contained  in  a  water.     The  mannei  in 
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which  the  ammonia  distils  over  is  a.  matter  also  of 
importance ;  bat  both  of  these  subjecte  will  more  pro- 
perly be  discussed  in  the  chapter  entitled,  "  The  For- 
matioD  of  an  Opinion,  and  Preparation  of  Beport,"  p^e 
150.  Before  describing  this  process  it  wiU  be  usefnl 
to  direct  attention  to  the  apparatoB,  chemicala,  and 
solutions  required,  vide  pages  41  and  173.  It  is  very 
important  that  the  greatest  cleanliness  should  be  secured 
in  the  following  chemical  operations.  The  distilled 
water  employed  for  the  final  washings  of  the  glass  Tessels, 
and  for  all  other  purposes,  should  give  no  coloration  with 
Nessler  test,  otherwise  it  should  be  redistilled. 

The  process  consists  of  two  distinct  stages — the 
estimatioii  of  the  free  ammonia,  and  the  calculation  of 
the  amount  of  albuminoid  ammonia,  alias  the  oiganic 


Edimaivm  of  ike  Amount  of  Free  Ammonia,  called  by 
some  the  Actual  or  the  Saline  Ammonia. 

Distil  a  little  distilled  water  througli  the  apparatus 
in  order  to  thoroughly  cleanse  it.  If  we  know  it  to  be 
clean,  it  will  be  sufficient  to  wash  out,  by  means  of  the 
Gmelin's  wash  bottle,  the  gloss  tube  of  the  liebig  con- 
denser with  a  little  distilled  water.  Fit  the  tube  of  the 
retort  carefully  to  tiie  tube  of  the  condenser  either 
through  the  medium  of  an  adapter,  vide  fig.  3,  or  by 
means  of  a  packing  of  paper.  The  best  plan,  perhaps, 
is  to  select  a  retort  which  possesses  a  small  tubular 
portion,  around  which  a  strip  of  clean  writing  paper  is 
rolled,  sufficient  to  make  it  screw,  not  too  firmly,  other- 
wise there  will  be  a  fracture,  into  the  condenser  tube.  It 
is  very  important  to  make  this  junction  secure,  so  as  to 
prevent  the  loss  of  steam.     Place  a  half  litre  =  500 
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eab.  centa.  of  the  vBter  to  be  examined  in  the  retort  by 
Um  aid  of  a  perfectly  clean  funnel  to  prevent  spilling. 
If  the  operator  can  introduce  the  sample  into  the  retort 
-withont  losing  a  single  drop  it  is  best  to  dispense  with 
the  fonne],  for  it  is  an  additional  article  to  keep  clean. 
Before  returning  the  stopper  to  the  retort  throw  a  jet 
of  distilled  water  on  it  with  the  wash  bottle.  Distil 
over  into  a  Neseler  glass  6  0  cub.  centa.  Add  to  the 
distillate  by  means  of  a  bolb  pipette  2  cub  cents,  of 
Nesster  test  If  it  contains  ammonia  a  yellowish  brown 
or  amber  colour  is  produced,  the  deeper  the  colour  the 
more  ammonia  being  contained  in  it  If  the  amount  of 
ammonia  be  very  small  the  tint  will  be  that  of  straw. 
Imitate  the  depth  of  tint  by  mi  Ting  in  a  Nessler  glass 
with  50  cub.  cents,  of  distilled  water  more  or  less  of  the 
dilute  standard  solution  of  ammonia  contained  in  the 
borette  and  add  2  cnb.  cente.  of  Kessler  test  Wait 
always  about  three  minutes  for  the  colour  to  bedeveloped. 
Nearer  re-agent  which  takes  a  longer  time  to  produce 
its  maximam  tint,  is  not  sufficiently  sensitive.  (To  make 
Nessler  test "  quick  "  add  a  little  cold  saturated  solution 
of  corrosive  sublimate  to  it)  If  the  tint  of  the  pre- 
pared standard  of  ammonia  be  too  light,  add  to  the 
prepared  standard  so  much  of  the  standard  ammonia 
solution  contained  in  the  burette  as  is  deemed  to  be 
sufficient  to  match  the  tint  of  the  Nesslerized  distillate. 
If  the  colour  of  the  prepared  standard  be  too  dark, 
make  up  a  fresh  standard  containing  less  ammonia.  In 
conducting  these  colour  test  comparisons  it  is  always 
desirable  that  the  waters  contrasted  should  be  about  the 
same  temperature.  The  second,  third,  and  fourth,  50 
cub.  cents,  that  distil  over  may  be  thrown  away.  It  is 
not  necessary  to  Nesslerize  each  of  them,  for  the  first 
diatillAte  invariably  contains  ^tha  of  the  total  quantVly 
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of  ammoiua.     We  simply  add  to  it  ^  in  order  to 
anive  at  the  sum  total,  e.g. — 

If  the  6nt  diitillate  cont«in«  *09  milligmnme  in  \  litre 
Add^  .  03 

Total  quantity  in  the  J  litre  'IS  milligramme  =s 
'24  milligranune  per  litre  or  part  per  millioa 

If  the  water  undet  examiaation  possesses  much 
saline  matter,  or  is  very  hard,  as  is  shown  by  the  furring 
of  the  sides  of  the  retort  during  distillation,  or  by 
"bumping"  of  the  water,  test  the  third  distillate  of  50 
cub.  cent  for  ammonia  by  adding  2  c.  c.  of  Nessler  re- 
agent. If  it  exhibits  no  colour  whatsoever,  showing  that 
all  the  ammonia  has  come  off,  stop  the  distillation.  It 
is  not  wise  to  still  further  concentrate  the  water  by 
removing  a  fourth  distillate  of  50  cub.  cent.,  as  is 
customary,  unless  absolutely  necessary,  for  the  "  bump- 
ing" may  become  so  great  during  the  second  stage  of 
the  process  as  to  fracture  the  apparatus.  Of  course,  if 
ammonia  is  found  to  be  still  coming  off  on  testing  the 
third  distillate  of  50  cub.  cent,  wi^  Nessler  re-agent, 
the  distillation  must  be  continued  until  the  fourth 
distillate  of  50  cub.  cents,  has  passed  over.  Bemove 
the  Bunsen's  burner.  "We  have  now  300  cub.  cents., 
or,  if  we  in  certain  exceptional  cases  remove  only  three 
distillates  (each  of  50  cc's),  350  cub.  cents,  left  in 
the  retort. 

The  Liehig's  condenser  should  now  be  filled  with 
cold  water,  which  will  displace  that  contained  in  it 
which  is  hot. 

"Aibniain.  Estimaiwn,  of  the  Amount  of  "  Atbumitioid  Amnum-ia," 
AmmoDii."        alias  Organic  Matter,  called  also  Organic  Amtnania. 
The  second  stage  in  the  process  commences  by  m 
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ing  out  in  a  Nessler  glass  (kept  solely  for  this  purpose) 
fiO  cub.  ceuts.  of  the  eaostic  potash  and  permaugaiiate 
of  potash  solution,  and  by  addiog  it  to  the  hot  water 
in  the  retort.  Beplace  the  stopper  and  the  Bunsen's 
burner.  Give  the  contents  of  the  retort  a  wavy  motion, 
or,  better  still,  a  rotatory  motion,  by  gently  moving  the 
retort  on  its  stand,  so  as  to  prevent  "  bumping,"  and 
again  distil.  Sometimes  highly  saline  waters  "  bump  " 
so  exceedingly  as  to  threaten  an  accident.  Never  let 
the  mixture  assume  the  appearance  of  a  calm,  for  it 
portends  a  storm,  in  the  shape  of  a  eudden  bursting  into 
bubbles  and  boiling  upwards  of  the  contents.  Keep 
the  fluid  always  in  motion,  and  see  that  the  stopper  of 
the  retort  is  securely  fixed.  Some  persons,  in  dealing 
with  such  waters,  drop  into  the  retort  scraps  of  tobacco- 
pipe,  or  bits  of  recently  ignited  pumice-stone,  to  lessen 
this  "  bumping."  The  objection  to  this  practice  ia, 
that  we  may  inadvertently  introduce  sources  of  error, 
for  these  substances  may  contain  organic  impurities. 
It  is  a  good  plan  in  some  cases  to  incline  the  neck  of 
the  retort  upward,  so  that  the  liquid  spirted  up  may 
fall  back  into  that  from  which  it  is  ejected.  It  is  very 
needful  to  prevent  this  "  bumping,"  apart  from  the 
danger  of  fracture ;  for,  if  the  colouring-matter  of  the 
permanganate  of  potash  be  carried  over  into  the  distil- 
late, the  colour  usually  produced  by  the  Nessler  re-agent 
is  somewhat  altered,  and  it  then  becomes  difficult,  if 
not  impossible,  to  measure  its  depth  of  tint  Three 
distillates,  each  of-  60  cub.  cents.,  must  be  taken  off, 
and  each  mu^t  be  carefully  Kesslerized.  The  colour  of 
each  distillate  must  be  matched  exactly  in  the  manner 
above  laid  down  when  describing  the  mode  of  estimat- 
ing the  amount  of  free  ammonia,  by  adding  a  certain 
known  quantity  of  the  dilute  standard  solution  of  am- 
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iiKmia  coDtained  in  the  bnrette,  to  SO  cnb.  cents,  of 
distilled  water  in  a  Nessler  ^ass. 

The  comparison  between  the  colour  of  the  standard 
and  the  distillate  is  made  by  placing  the  Nessler  glasses 
OD  the  white  porcelain  tile,  and  by  looking  down 
thiongh  the  caLumns  of  fluid  on  to  the  tile.  The 
Binoant  of  the  dilute  standard  solution  of  ammonia 
employed  to  match  the  tint  of  the  distillate  represents 
the  amount  of  ammonia  in  the  distillate. 

For  example,  if  the  amount  of  dilate  standard  soln- 
^on  of  ammonia  required  to  match  the  tint  of  the 

lit  distillate  be  S  c.  c. 
Sd        „         ,  ace 

3d        „         n  1  c  c  we  urire  at  these  GguKi ; — 
Alb.  Ammonia        ....     '06 


Total  .  f>9 
B^inners  find  it  troublesome  at  fiiat  to  match  the  Pnp«ticii 
oiAtmt,  without  making  np  several  standairds  containing 
ditTerent  proportions  of  the  standard  dilute  solution  of 
snunonia  It  has  been  suggested  by  some  that  strips 
of  glass,  and  by  others  discs,  should  be  manufactured 
of  the  Tarioufl  depths  of  the  sherry  or  amber  colour, 
cotresponding  to  the  different  tints  developed  by  the 
Keasler  re-agent,  with  definite  quantities  of  the  dilute 
standard  solution  of  ammonia.  If  such  conid  be  pre- 
pared so  as  to  indicate  accurately  the  Tarious  shades, 
>  great  saving  of  time  might  be  effected.  At  one  time 
I  employed  a  dozen  stoppered  standard  comparison 
bottles,  of  a  capacity  of  about  50  cub.  cents.  Each 
bottle  was  provided  with  known  and  different  quanti- 
ties of  the  dilute  standard  solution  of  ammonia,  and 
iatel}'  ^ed  up  with  twice  distilled  water.     One 
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cub,  cent,  3,  5,  7,  9,  11,  13,  15,  17,  19,  21,  and  23 
cub.  cents,  were  the  amounta  of  tbe  Btandaid  ammonia 
selected.  To  the  contents  of  each  bottle  2  cub.  cents, 
of  Neeeler  test  were  added.  Tbe  weakest  standaid 
contained  1  cub.  cent,  and  tbe  strongest  23  cub.  cente., 
of  the  dilute  standard  solution  of  ammonia.  In  malting 
an  analysis,  the  contents  of  the  bottle  or  bottles  that 
are  considered  likely  to  match  the  tint  of  the  distillate, 
are  poured  into  a  Xessler  glass,  and  at  its  conclusion 
am  replaced.  These  solutions  slowly  absorb  ammonia, 
and  get  slightly  darker  in  time,  or  they  decompose, 
losing  their  colour  and  precipitating  red  iodide  of  mer- 
cury. Sometimes  they  become  turbid,  and  sediments  are 
deposited.  Dr.  Mills'  portable  colorimeter*  has  been 
employed  for  estimating  the  tints  of  the  distillates,  as 
well  as  for  that  of  decrees  of  turbidity,  but  is,  I  find, 
of  little  help.  Although  one  of  these  instruments 
stands  in  my  laboratory,  it  is  never  used.  These  sup- 
posed helps  waste  much  time,  and  are  not  so  accurate 
as  the  old  plan  of  preparing  a  fresh  standard  solution 
when  wanted.  I^actice  very  soon  enables  the  water 
analyst  to  guess  very  closely  the  amount  of  the  stan- 
dard solution  of  ammonia  which  he  will  require  to  match 
any  given  tint,  so  that  he  does  not  often  hnd  the  neces- 
sity of  making  up  a  second  standard.  I  would  recom- 
mend the  Medical  Officer  of  Health  to  make  himself  by 
practice  skilful  in  matching  tints  rather  than  rely  on 
instruments  as-  aids.  The  tapped  graduated  Nessler 
glasses,  introduced  by  Mr.  Hebner,  are  useful  to  the 
novice,  or  when  rough  calculations  are  alone  requisite. 
Sometimes  a  water   yields  equal  instead  of   decreas- 

'  Deacribed  in  Free,  of  aUagoa  Phihaoph.  Soq/.,  MMch  12,  1877. 
The  instnuaent  u  made  b;  Cetti  k  Co.,  of  Brooke  Street,  Holbom, 
London. 
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ing  qoantities  of  ammonia,  so  that  it  is  almost  im- 
possible to  extract  all  the  ammonia  &om  a  water 
Ijefore  the  distillation  is  at  an  end.  In  snch  cases  it 
ia  good  policy,  as  has  been  pointed  out  by  Mr.  Sidney 
Bich,''*  to  Nesslerize  the  first  5  0  cnb.  cente.,  and  to  return 
into  the  retort  the  succeeding  150  cub.  ceota.  that  are 
distilled  over,  of  course  NesaleriziDg  the  distillate  or 
distillates  procured  by  this  redistillation.  It  is  of  no 
practical  utility,  in  making  sanitary  analyses  of  water, 
to  estimata  the  amount  of  ammonia  derived  from 
organic  matter  that  is  in  excess  of  '50  milligramme  per 
^  liDe  ■■  1  milligramme  per  litre,  as  that  quantity  is  so 
much  more  than  is  sufScient  to  condemn. 

The  process  is  now  at  an  end.  Allow  the  retort  to 
remain  aucleanaed  until  another  analysis  is  to  be  made, 
when  the  fur  should  be  removed  by  strong  hydrochloric 
acid  and  an  abundance  of  water.  As  half  a  litre  has 
been  taken  for  analysis,  multiply  the  results  by  2,  in 
order  to  make  them  give  the  proportion  for  the  litre.  In 
the  for^omg  analysis,  then,  the  results  are  the  following : 
Free  KnuDonia,  '24iailligiainmepeTlitre^partpeimillioii. 

Albmninoidammoma, '18  do.  do. 

I  should  like  to  indelibly  print  on  the  minds  of  all 
water  analysts  the  following  truth  ; — If  you  rely  solely 
on  the  indications  of  this  process  you  will  sometimes 
come  to  a  correct  conclusion  as  to  the  quality  of  a 
water,  but  very  often  a  mistake  will  be  made.  Couple 
the  evidence  afforded  by  it  with  other  evidence  of  a 
chemical  and  microscopical  character,  and  an  error  will 
never  be  committed.  I  regard  this  process  as  a  most 
valuable  aid  to  the  formation  of  an  opinion  by  the 
medical  officer  of  health  as  to  the  nature  of  a  water, 

*  Chemieai  Jfnes,  June  9,  1870. 
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as  indispensable  indeed  as  is  auscultation  to  the  physi- 
iriftn  in  the  diagnosis  of  lung  and  heart  diseases.  The 
evidence  afforded  by  the  stethoscope  is  brought  by  him 
in  juzta-position  to  odier  evidence  bearii^  on  the  same 
point,  and  an  opinion  is  formed  &om  the  sum  total  at 
all  the  evidence  which  is  forthcoming.  No  physiciaii 
dreams  of  relying  solely  on  the  character  of  the  sounds 
heard  &om  the  lung  by  his  ear,  and  of  shutting  hinmelf 
away  from  all  other  sources  of  information.  It  appears 
that  a  member  of  the  Society  of  Public  Analysts,  who 
holds  two  public  analytical  appointments,  believes  that 
the  determination  of  the  free  and  albuminoid  anmionia 
is  all  that  is  necessary  for  forming  on  opinion  on  the 
quality  of  a  drinking  water,  and  he  pronounces  a  ver- 
dict solely  on  the  evidence  afforded  by  these  two  esti- 
mations. Mr.  Allen  points  out,*  as  I  have  on  several 
occasions,  the  absurdity  of  such  a  proceeding  for  the 
rain-water  of  country  places  would  certainly  be  con- 
demned as  polluted  with  filth  by  such  an  anidyst 

Svles. 

The  followii^  are  the  most  recent  mles  which  have 
been  laid  down  by  Mr.  Wanklyn  for  the  guidance  of 
those  who  work  this  process : — 

He  writes :t  "If  a  water  yield  '00  parts  of  albu- 
minoid ammonia  per  million,  it  may  be  passed  as 
organically  pure,  despite  of  much  free  ammonia  and 
chlorides ;  and  if,  indeed,  the  albuminoid  ammonia 
amounts  to  02,  or  to  less  than  '05  ports  per  miUion, 
the  water  belongs  to  the  class  of  very  pure  water. 
"When  the  albuminoid  ammonia  amounts  to  -05,  then 

*  "  On  some  PoinU  in  the  Analysis  of  Water,  and  the  Interpr«ta.ti<in 

of  the  Kesulu  - "  by  A.  H.  Allen.     The  Jnalj/tt,  July  1S77,  p.  61. 
+  WaUr  Analytu.     Fourth  Edition,  p.  53. 
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the  proportion  of  free  ammonia  becomes  an  element  in 
tie  calculation ;  and  I  should  be  inclined  to  r^ard 
with  Bome  suspicion  a  water  yielding  a  considerable 
qnsntity  of  free  ammonia,  along  with  more  than  '05 
paits  of  albuminoid  ammonia  per  million.  Free  am- 
mcmia,  however,  being  absent,  or  very  small,  a  water 
ihoold  not  be  condemned  unless  the  albuminoid 
immonia  reaches  something  like  10  per  million.  Al- 
btuninoid  ammonia  above  10  per  million  begins  to  be 
a  veiy  suspicious  sign  ;  and  over  '  1 5  ought  to  condemn 
a  water  absolutely." 

Objections.  Ohjeotlom, 

Several  objections  have  been  urged  against  this 
proMss,  the  principal  of  which  are : — 

1.  The  fact  that  the  whole  of  the  nitrogen  is  not 
obtained.  A  certain  definite  percentage  of  the  total 
nitrogen  is  as  good  a  datum  to  work  on  aa  the  total 
nitn^n  itself,  provided  the  results  are  constant,  which 
the  inventors  have  affirmed  them  to  be. 

2.  That  the  amount  of  ammonia  obtainable  from 
albumen  by  the  action  of  alkaline  permanganate  is  in- 
fluenced by  the  degree  of  concentration  of  the  solution 
and  the  rate  of  distillation.  Mr.  Wanklyn  has  stated  most 
positively  that  the  yield  of  ammonia  is  not  affected  by 
these  circumstances,  and  in  proof  of  this  aeaertion  refers 
to  a  set  of  experiments  published  by  himself  in  1867. 

3.  "  If  20  grains  of  urea  were  present  in  a  gaUon  of 
water,"  writes  Mr.  Wigner,*  "  the  sample  would  be  passed 
by  Wanklyn,  Chapman,  and  Smith's  process  as  abso- 
lutely pure."  It  ia  well  known  that  fresh  urea  is  not 
decomposed  into  ammonia  by  distilling  without  or  with 
the  mixture  of  caustic  potash  and  potassium  perman- 

*  Amaly^,  3f«rch  1878. 
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ganate,  bat  area  in  a  fresh  condition  in  a  drinking  water 
can  hardly  ever  occur.  The  ready  fermentatiou  of  urea 
into  carbonate  of  ammonia  is  a  peculiarity  of  urea.  The 
rapidity  with  which  this  change  takes  place  is  such  that, 
in  the  examination  of  drinMi^  waters  which  are  polluted 
with  urine,  we  may  be  pretty  confident  that  sofficieufc 
of  the  urea  has  been  decomposed  bdbre  the  water 
reaches  our  distilling  apparatus  to  give  a  large  ezcesa 
of  ammonia. 

9. — The  Franklamd  and  ARMSTHOHa  PBOCEsa. 

This  process,  which  is  based  upon  the  principle, 
that  when  the  residue  on  evaporation  of  the  water  is 
burned  with  oxide  of  copper,  nitrogen  and  carbonic 
acid  are  eliminated  &om  the  organic  matter,  consiste 
in  the  determination  of  the  amount  of  organic  nitrogen 
and  organic  carbon  by  a  measurement  of  the  respective 
volumes  of  these  gases. 

The  late  Professor  Parkes,  in  hia  text-book  on  Prae- 
ticai  HygUv*  (fourth  edition),  writes  respecting  it : — 
"  This  plan  requires  so  much  apparatus,  time,  and  skill, 
aa  to  be  quite  beyond  the  reach  of  medical  ofGcers,  and 
it  woold  also  appear  that  in  the  hands  of  even  very  abie 
ehemiata  it  gives  contradieUrry  results ;  *  the  quantities 
are  in  fact  so  small,  and  the  chances  of  error  so  re- 
peated that,  in  its  present  form,  this  really  beautiful 
plan  seems  not  adapted  for  hygienic  water  analysis.  It 
is  also  difficult  to  know  what  construction  should  be 
put  on  the  results ;  a  wat£r  containing  much  non-nitro 
genons  oi^anic  matter  may  give  a  very  much  larger 
amount  of  '  organic  carbon '  than  a  water  containing  a 
much  smaller  amount  of  nitrogenous  matter,  and  yet  be 
much  less  hurtful" 

*  The  italici  kts  mine 
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TioB  method  is  generally  admitted  to  be  attended 
vUh  a  bigb  experimental  error,  and  is  considered  by 
some  as  yielding  Ulusoiy  results. 

As  it  is  quite  nnadapted  to  the  wants  of  the  health 
officer,  I  shall  not  here  describe  the  process,  but  must 
i^ei  my  readers  to  Sutton's  Volumetric  Analysis, 
3d  edit,  p.  293;  or  Dr.  T.  K  Thorpe's  Quantitaiive 
CkeniaU  AnalysU,  p.  299.  Some  idea  may  be  formed 
of  the  cumbrous  and  complicated  nature  of  the  process 
by  glancing  at  the  engravings  in  these  works  of  two  of 
the  principal  pieces  of  apparatus  employed.  The 
imaller  is  a  Sprengel'B  Fump,  which  is  attached  to  the 
combustion  tube  in  which  the  solid  residue  is  burnt 
with  oxide  of  copper  in  a  furnace.  The  larger  ia  the 
^>petatus  employed  for  the  analysis  of  the  gases  thus 
obtuned.  Any  one  who  is  practically  acquainted  with 
modem  quantitative  analysis  can  learn  this  process  in 
about  a  month.  The  large  majority  of  medical  men 
who  are  not  provided  with  this  foundation  would  re- 
quire a  six  months'  coutse  in  chemistry  to  prepare  them 
for  learning  this  process  of  water  analysis.  Again,  the 
cost  of  the  apparatus  is  a  considerable,  although  of 
coutse  not  an  insuperable,  obstacle  to  its  employment, 
being  as  much  aa  thirteen  guineas.  Professor  M'^Leod's 
>pparatuB  for  gas  analysis,  which  is  considered  to  be  an 
improvement  on  Dr.  Frankland's,  is  still  more  complex, 
•nd  twice  as  costly,  being  £26  :  5s. 

The  certificate  of  an  analysis  made  by  Dr.  Frank- 
Uod's  elaborate  process  is  about  as  incomprehensible  as 
the  process  itself  to  all  who  are  not  chemical  experts 
or  andysts.  Members  of  Sanitary  Authorities  and 
their  medical  oRicers  often  find  these  certificates  per- 
fectly unintelligible,  althoi^h  they  are  accompanied  by 
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explanatory  notes  for  tbeir  interpretation.  Can  enj- 
Q^ng  be  more  confusing  to  the  public  than  the  contents 
of  the  column  headed  "Previous  Sewage  or  Animul 
Contamination  "  ?  I  recently  saw  one  of  his  certificates 
of  an  analysis  of  an  excellent  spring  water,  which  con- 
tained in  this  colnma  the  numbers  1710,  which  was 
accompanied  by  the  following  remark : — "  As  this  is 
spring  water  the  evidence  of  previous  sewage  contamina- 
tion which  it  exhibits  may  be  safely  disregarded."  The 
expression  "  Previous  Sewage  or  Animal  Contamination" 
is  a  very  unfortunate  one,  for  it  has  given  rise  to  an 
endless  amount  of  misconception. 

Animal  matters  in  passing  through  the  pores  of 
clean  soil  become  oxidized  and  converted  into  anunonia, 
nitrates,  and  nitrites,  which  are  harmless.  This  oxida- 
tion, in  other  words  this  beneficial  cleansing  power  of 
earth,  does  not  continue  for  an  indefinite  period.  Soil 
is  liable  to  be  in  time  overdone  with  filth,  and  is  then 
unable  to  carry  on  this  purifying  action,  so  that  the  ani- 
mal matters  pass  throi^  it  unchanged.  Ite  particles  re- 
quire rest  and  free  exposure  to  the  air,  before  it  recovers 
ita  expended  power.  Earth  becomes  relieved  of  the 
products  of  this  dressing  with  filth  by  means  of  vege- 
tation, which  greedily  incorporates  them  into  its  sub- 
stance. "  Previous  Sewage  or  Animal  Contamination  " 
then,  is  the  record  of  the  past  history  of  the  water,  being 
the  sum  total  of  the  products  of  animal  matter  that 
have  been  oxidised,  namely,  the  ammonia,  the  nitrates, 
and  nitrites.  This  total,  after  tie  removal  of  the  average 
amount  of  ammonia  in  rain,  is  represented  as  the  mineral 
residue  of  the  previous  animal  contamination  of  the 
water,  in  terms  of  average  London  sewage,  100,000 
parts  of  which  are  roughly  estimated  to  contain  10 
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parts  of  these  three  mtrogenons  matters.  Here  is  an 
example  of  the  manner  ia  which  the  figures  in  this 
coltunn  are  arrived  at : — 

Nitrogen  u  iiitntea  and  nitrites    .         .     S'911 
AnunoniA .,.,.,       '001 


Deduct  for  ammonia  in  lain 


Add  0  and  remove  decimal  point,  and  the  iigorea 
58810  are  arrived  at,  ichich  represent  the  "previous 
tewf^  or  animal  contamination."  Or  it  may  be 
calculated  by  multiplying  the  sum  of  the  quantities  of 
nitrogen  present  as  nitrat«s,  nitrites,  and  ammonia,  by 
1 0,00  0,  and  by  subtracting  320  from  the  result. 
Some  of  Dr.  Frankland's  disciplea,  perceiving  doubtless 
the  extreme  liability  to  the  misundeistanding  of  this 
expression,  have  omitted  or  altered  it ;  for  example,  I>r. 
C.  Brown's  certificates  do  not  contain  this  column, 
whilst  Mr.  W.  Thorp  has  substituted  the  term  "  total 
inorganic  nitrogen,"  which  corresponds  with  Dr.  Frank- 
land's  "  previous  sewage  contamination,"  minus  the 
deduction  for  the  ammonia  in  rain.  The  "  total  com- 
hiaed  nitrogen  "  of  these  chemists,  is  the  sum  of  (1)  the 
organic  nitrogen  j  (2)  the  nitrt^en  as  nitrates  and 
nitrites;  and  (3)  the  ammonia. 

Itulea.  Bi 

It  is  useful  for  medical  officers  of  health  and  other 
sanitarians  to  remember   the  following   rules,*  which 

'  Sixth  Report  of  the  RiTer  Pollution  CommiBnon,  1871,  andW. 
Thorp'a  Article  on  Wator  Analyrii  in  Sntton'i  Volumetrie  Analgii*. 
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guide  those  who  employ  this  process,  in  oidei  that  they 
may  be  able  to  interpret  the  resulte : — 

Quaniity  of  Organic  Carbon  and  Organic  NUrogen. — 
"  The  weight  of  the  organic  carbon  found  in  different 
samples  of  water  indicates  the  amount  of  organic  mattei 
with  which  the  water  is  contaminated,  but  it  does  not 
reveal  the  source,  animal  or  vegetable,  whence  that 
organic  matter  is  derived." 

"  Cieteris  paribus,  the  smaUer  the  proportion  of 
oiganic  carbon  the  better  the  quality  of  the  water." 

"  K  the  source  of  the  oiganic  matter  be  alt^^ther 
T^tal  a  luger  proportion  of  organic  carbon  than  '2 
part  in  100,000  parte  of  water  is  undesirable,  because 
it  renders  the  water  slightly  bitter  and  unpalatable. 
A  larger  proportion  of  organic  carbon  if  it  be  contained 
in  animal  matter  does  not  interfere  with  the  palatability 
of  the  water,  but  it  exposes  the  consumer  to  the  risk 
of  infection." 

"  The  determination  of  the  oiganic  nitrogen,  taken 
in  connection  with  that  of  the  organic  carbon,  tells  us 
often  as  to  whether  the  organic  matter  is  of  animal  or 
vegetable  origin.  This  information  is  supported  by 
that  obtained  by  a  chemical  investigation  as  to  the 
previous  history  of  the  water,  aa  revealed  by  the  pro- 
portions of  the  chief  products  derived  from  sewage  and 
animal  matters,  namely,  the  ammonia,  nitrates,  nitrites, 
and  chlorine." 

Vegetable  otganic  matter  is  far  from  being  destitute 
of  nitrt^n ;  for  instance,  peat  contains  much  of  it. 

Good  drinking  water  should  not  contain  more  than 
'2  part  of  organic  carbon  and  '02  part  of  organic 
nitix^n  per  100,000  parts  of  water. 

When  the  quantities  of  organic  carbon  and  organic 
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nitngen  exceed  20  and  0-5  partd,  respectively,  the 
sample  may  be  considered  as  belonging  to  the  clasa  of 
KTBges,  the  intermediate  quantities  indicating  various 
decrees  of  poUution.  Sewage  usually  contains  about  four 
porta  of  organic  carbon  and  two  parts  of  organic  nitrc^n. 

Satio  of  Organic  Carbon  to  Organic  Niirogen. —  r 
When  the  organic  matter  is  of  vegetable  origiii  the 
latb  is  very  high,  and  when  of  animal  origin  it  is  very 
low.  As  a  qualification  of  this  statement,  it  should  be 
said  that  in  the  case  of  unozidised  peaty  waters  the 
ntio  is  diminished  by  oxidation ;  and  in  the  case  of 
vaCers  polluted  by  oiganic  matter  of  animal  origin  a 
reverse  action  takes  place,  the  ratio  being  increased  by 
ondation.  In  peaty  waters  the  ratio  may  amount  to 
aa  much  as  20.  In  sewage  it  varies  from  1  to  3. 
In  unpolluted  upland  surface  waters  the  ratio  fluctuates 
&oin  about  6  to  12,  and  in  water  from  shallow  wells 
&oni  2  to  8.  The  ratio  in  water  for  domestic  supply 
may  vary  fiom  5  to  12,  and  that  in  polluted  river 
water  from  3  to  6. 

Previous  Sewage  or  Animal  Contamination. — If  the  •' 
water  be  derived  from  a  deep  seated  spring  or  a  deep  \ 
well,  and  the  previous  sewage  contamiQatiou  does  not 
eiceed  10,000  parte  in   100,000  parts  of  water  it  is 
na»aabty  safe,  provided  all  contaminated  surface  water 
has  been  rigidly  excluded  from  the  well  or  spring. 

River  or  flowing  water  which  exhibits  any  propor- 
tion, however  small,  of  contamination,  and  well  or 
spring  water  containing  from  10,000  to  20,000  parts 
of  previous  contamination  in  100,000  parts  of  water, 
is  considered  au^nciovs  or  doubtful. 

Waters  more  impure  than  those  classed  as  suspicious 
must  be  r^arded  as  dangerous. 
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Table  EXHiBirmQ  Diftkreht 


Rain  Wateb 

Upland  Surface  Watbk    .    .    . 

Deep  Well  Watke 

Spbiho  Wateb 

Upland  Suifaix  Wattr. 

The  Teign  kbove  Old  Wheal,  Ex- 
mouth,  Sept  26,  1873   .... 

Loch  Katrine,  the  Water  Sapply  of 
Oluf^w,  AnguiC  8, 1870  .    .    . 

Sur/aet  ITaUrJhm  CulKvaled 

The  Thames  at  Tbam«a  Dittoo,  Jin. 
SI,  1873 

Shallow  Wdt  WaUn. 
Water  from  well  at  Alford,  on  the 

Don,  Scotlaud,  March  8,  1872     . 
Water  from  irell  in  Well  dote  Square, 

London,  June  G,  1872  .... 
Chnrchyard    Well,    Leigh,    Euex, 

Not.  28,  1871 

Dttp  Wdl  Watern. 
Water   from    Qrayi,  South    Enei 

Water  Company,  Feb.  16,  1878  . 
Well   at   Waterworks   Colchoter, 

April  2,  1873 


Spring  snpplyiiig  Town  Well, 
Southam,  Dec.  3,  1S6S  .      .     .     . 

Beacou  Hill  Spring,  Bath,  Feb.  17, 
1871 


Ifl-SO 
896-60 
11312 

41-80 
G6-20 


To  iMDTeit  imta  per  1«I,00(I  Inla  gmlu  p«  gUloa  and  tb*  HaidaM 

*  8iztIiBeportofth«BifH 
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38B8    OF  WaTEBS.* 
■fftr  100,000. 


» 

KltlD. 
Olguilc 
cubnn. 

tmgx 

CUoiliig. 

ToUL 

.„„.. 

*- 

S'ttngoi. 

9 
i 

«-7 
10  1 
3* 
4-3 

43 

ID 

4743 

355S 

■22 
1-13 
6-11 
2'4e 

■8 

B4 

26-0 
18-5 

Average  CompOTitaon   of 
OnpoIlntedVatera. 

> 

g 

10- 

B-4 

1-40 
■86 

2-e 

■9 

'  A  peatj  water,  wbich  con- 
)     taina    more   Tegetabte 
)     m»ttet  than  ia  admiaai- 
(     ble  for  drinking. 
A  very  good  water. 

2 

4-3 

2820 

176 

23-9 

&rtiiin  amoQiit  of  animal 
pollution.   Nitrateaand 
nitri  tea  preaent  from  use 
ofmanurea.    Most  eSi- 
ciuit  filtration  needfuL 

S 

7-0 

10 

2-86 

8-3 

Good  ahallow  well  water. 

0 
7 

3-2 
3-2 

258080 
GOISO 

54-80 
13-76 

IBl- 

60- 

Highly  polluted  Rhallow 

well  water. 
PoUuted     ahaUow     well 

1- 

6-8 

8S80 
25B70 

6  05 
21- 

26-4 
25-7 

(  Very  pure.  Blthough  eon- 
\     taining  much  oitratea 
(     from  tT.e  ch^at. 
Polluted  deep  well  water. 

00 

8-5 

■56 

1-2 

Exceedingly  pure. 

w 

6-2 

8740 

2-00 

33 -S 

Wi 

6-0 

11730 

a -SO 

30- 

«3 

1-7 

a-1 

103 

lS7fi'60 
10-60 

70fl-8 
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Objections. 

The  principal  are  the  following : — 

Whilst  professing  to  measure  the  organic  hodies 
contained  in  a  water,  such  substances  are  more  or  less 
decomposed  and  dissipated  dming  the  preliminary 
process  of  evaporation. 

The  error  of  experiment  is  often  greater  than  the 
total  quantity  to  be  measured. 

There  ezista  considerable  doubt  as  to  the  accuracy 
of  the  results  when  a  water  contains  some  unstable 
form  of  oiganic  matter  in  presence  of  a  large  excess  of 
nitrates.  There  can  be  no  question  hut  that  Dr. 
FraQkland  ia  sometimes  inconsistent  in  his  interpreta* 
tion  of  the  results  of  his  analyses.  Here  is  an 
example : — 

Pabts  psb  100,000. 


II 

II 

4 

i 
1 

i 

i 

Water  from 
boN,   90   rest 

Water  from 
colDiliire  .     . 

■202 
■217 

■061 

■0*7 

Si 

*-6 

■008 
'000 

■000 
■000 

2'46 
2-10 

Good. 
Pollntei 

Mr.  Wigner,  the  analyst,  writes  thus*  respecting  it : 

— "  Supposing  that  the  organic  nitrogen  yielded  by  the 

Frankland   and    Armstrong    process   were    a  positive 

quantity,  instead  of  a  quantity  needing  a  heavy  correc- 

*  Sanittay  Steord,  Oct  IS,  1S77,  pt  2G6. 
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doD  for  peiBonal  equation  and  for  impurities  in  the 
cbemicals  uaed,  yet  the  danger  of  error  involved  in  the 
process,  and  the  risk  of  contamination  by  atmospheric 
ifflpnrities,  are  in  my  opinion  sufficient  to  prevent  it 
from  ever  coming  into  general  use ;  and  unless  gene- 
nllf  used,  it  is  undesirable  for  reports,  which  appeal 
to  pnbhc  sense  and  public  understanding." 

A  COKPABISON  BETWEEN  THE   EEBDLTS   FURNISHED   BT   1. 
TH£   PEBUANGANATE   OF  POTASH   PROCESS;    2.   THE 
WANKLTN,  CHAPUAN,  AHD    SMITH   PROCESS  :    3.  THE 
FRANKLAND  AND  ASH8TR0NG  PROCESS. 
The  permanganate  of  potash  test  applied,  qualita- nuFamu- 
tivdy,  as  a  test  for  oiganic  matter,  cannot  be  compared,  f^^  p^ 
io  the  results  afforded  by  it,  with  any  other  process,  for  « 
they  ate  thoroughly  misleading  and  unreliable. 

The  permanganate  of  potash  test  conducted  quanti-  ""°8  ^^ 
tatively,  in  the  most  approved  and  most  recent  fashion, 
is  hardly  worthy  of  the  name  of  a  process,  for  it  in 
leahty  forms  only  a  part  of  one,  and  is  never  solely 
trusted  by  its  inventors.  The  indications  it  gives  are 
considered  in  conjimction  with  those  afforded  by  an 
eatimation  of  the  amount  of  free  and  albuminoid  am- 
nwnia,  the  nitrogen  products  resulting  from  the  oxida- 
tion of  organic  matter,  and  the  quantity  of  chlorine,  etc. 
Occupying  this  subsidiary  position,  and  controlled  to 
•  great  extent  by  other  evidence,  it  exhibits  a  remark- 
able agreement  with  the  Frankland  and  Armstrong's 
pKKeas,  and  with  the  Wanklyn,  Chapman,  and  Smith 
P>nc«sa,  when  the  latter  is  associated  with  a  determina- 
tion of  the  nitrates  and  nitrites.  The  agreement  between 
tltt  results  afforded  by  the  Frankland  and  Armstrong 
process,  and  the  permanganate  of  potash  method,  is  the 
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more  remark&ble,  because  Dr.  Fnnkland  haa  pablidy 
denounced  the  peimanganBte  of  potash  test  as  perfectly 
useless  and  mischievous  in  vhatever  way  it  is  employed. 
The  indications  as  to  the  quality  of  a  water  afibrded  by 
this  salt,  are  so  corrected  by  those  furnished  by  Uie 
other  ezaminationa  of  the  same  water,  as  to  render  it 
unlikely  that  any  marked  disagreement  should  occur 
between  this  permanganate  of  potash  test  as  carried  out 
in  the  most  approved  manner,  and  the  other  two  processes. 
The  processes,  which  have  assumed  an  antagonistic 
rivalry,  and  are  credited  with  fumishii^  contradictory 
decisions,  are  the  Frankland  and  Wanklyn  methods. 
The  foUowing  is  a  copious  abstract  of  a  paper  entitled, 
"  A  comparison  between  the  Frankland  and  Armstrong, 
and  the  Wanklyn,  Chapman,  and  Smith  processes  of 
water  analysis,"  which  was  presented  by  me  to  the 
State  Medicine  Section  of  the  British  Medical  Associa- 
tion, at  its  ftm^iiftl  meeting  held  in  1877,  in  Manchester, 
which  was  accompanied  by  a  Table  that  contained  93 
analyses  of  waters  made  by  these  two  methods  at  or 
about  the  same  time. 

These  processes  are  said  by  the  scientific,  and  the 
sanitary  public  generally,  and  even  by  their  inventors 
themselves,  to  contradict  one  another  in  a  very  impolite 
fashion.  Each  inventor  tries  to  find  fiaws  in  his 
rival's  process  and  to  commend  his  own  to  universal 
adoption.  Many  words,  more  forcible  than  courteous, 
have  been  used.  Apart  from  these  very  warm  contro- 
versies, which  will  not  affect  in  the  slightest  degree  the 
ultimate  triumph  of  what  is  best  and  true,  such  dis- 
putes, and  apparently  conflicting  results,  do  certainly 
retard  the  prt^resa  of  sanitary  science,  and  lead  the 
public  to  imagine  that  the  whole  question,  whether  a 
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iraler  ia  or  is  not  pure,  is  a  "toss-up;"  this  remark 
being  geneially  clenched  with  the  further  leflection, 
that  it  is  nniversally  acknowledged  that  doctois  differ. 
We  all  know  that  if  we  look  our  difKculties  foil  in 
the  hce,  and  accurately  define  them,  as,  for  example, 
by  writing  them  down  on  paper,  they  will  often  be 
found  to  diminish  by  one  half.  If  they  do  not  thus 
leesen,  an  exact  definition  of  their  nature  and  m^ni- 
tnda  is  a  distinct  gain,  for  we  are  enabled  to  recognise 
tiieir  just  proportions,  and  face  them  resolutely.  This 
Bnbetitution  of  what  ia  exact  and  defined,  for  what  is 
Tagne  and  indefinite,  is  of  service  in  aU  the  difficulties 
of  life,  be  they  scientific  or  otherwise,  for  the  very  fact 
of  die  existence  of  a  want  of  distinct  measurahle  ideas 
of  the  size,  extent,  and  precise  nature  of  a  difficnlly, 
magnifies  it  in  our  mindV  eye  to  an  unreal  d^ree.   * 

Actuated,  then,  by  this  belief,  and  quite  prepared 
to  find  insurmountable  obstacles  in  reconciling  the 
icsnlts  of  the  two  processes,  which  would  have  to  be 
clearly  met,  and,  if  not  removable,  ftankly  acknow- 
ledged, I  have,  assisted  by  many  kind  friends  through- 
out the  country,  made  a  Table  of  comparison  between 
the  results  of  the  two  processes,  conducted  at  or  about 
the  Bame  time,  on  the  same  water,  as  evinced  by  the 
opinions  formed  of  the  water  according  to  the  rules  laid 
down  by  the  inventors  of  the  respective  processes,  as 
guides  for  their  disciples.  Anything  of  the  nature  of 
>  comparison  between  the  figures  afforded  by  these  two 
different  rival  processes  is  of  course  impossible. 

Dr.  Hill  of  Birmingham  has  made   a   comparison  di.  hiii'« 
between  the  two  processes,  by  placing  by  the  side  of  the  ° 
Diganic  nitrogen  of  Frankland's  method  the  amount  of 
nitrogen  calculated  from  the  albuminoid  anunonia  of 
Vaoklyn's  method,  thus  ,■ — 


00 
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[riiiiiKjluLm  PaliUc   Wattr  Siq'j^flf/. 

Date. 

atrongprocesa.      ^^^ 

N. 

Ratio  of  organic 

nitrogen  to 
nitrogen  by  the 

1876 

two  methods. 

January 

•097              -016 

•013 

7  : 

February 

•070              -022 

•018 

4  : 

March 

•099              -020 

•016 

6  : 

April 

•064              ^014 

•Oil 

6  ; 

May 

•048              •Oil 

•009 

6  : 

June 

•049              ^016 

•013 

4  : 

July 

•090              •OU 

•Oil 

8  : 

August 

•120              ^018 

•016 

8  : 

Septembex 

•072              -010 

•008 

9  : 

October 

•070              ^014 

•Oil 

6 

November 

•124              ^024 

•020 

6 

December 

•080              •OM 

•Oil 

7 

•   1876. 

January 

•063              •OlO 

•008 

6  : 

February 

•067              •OU 

•Oil 

6 

March 

•071              -008 

•0066 

11 

June 

•073              -006 

•006 

16  : 

July 

•064              ^014 

•Oil 

6 

October 

•064              ^008 

•0066 

8 

1877. 

January 

•093              -018 

•016 

6 

:  1 

February 

•089              -Oil 

•009 

10 

:  1 

March 

•069              -007 

•006 

11 

:  1 

He  argues  therefrom,  that   (1) 

as  the 

amount  oi 

troeren  vie 

jlded  bv  the  albuminoid  amn 

Lonia  G 

►f  thf 

Wanklyn  process  is  very  much  less  than  that  furnished 
by  the  Frankland  process,  which  every  one  admits,  and 
(2)  as  the  ratio  is  not  constant,  the  Wanklyn  process  is 
worthless.  Now  this  mode  of  comparison  appears  to 
be  imfair,  because  it  proceeds  on  the  assumption  that 
Dr.  Frankland's  process  of  water  analysis  is  a  standard 
of  accuracy,  a  pretension  which  is  open  to  considerable 
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JoulM.  alllaough  as  oue  for  the  analysis  of  gases  it 
may  be  moat  excellent. 

Although,  then,  aoythiiig  like  a  contrast  of  numbers 
ia  out  of  the  question,  a  comparison  of  the  opinions 
fanned  from  a  consideration  of  the  figures  obtained  by 
those  who  practise  these  processes  is  a  perfectly  feasible 
pmject,  and  one  likely  to  be  attended  by  useful  leaults. 
Theee  opinions  may  not  be  strictly  correct,*  but  suffici- 
entl;  so  to  ascertain  whether  or  not  any  distinct 
anUgoniam  exists. 

Many  analyses  of  waters  performed  by  both  the 
FnnUand  and  the  Wanklyn  processes  have  been  sent 
to  me,  notably  those  from  Clayton  West,  near  Hud- 
deisfield,  which  I  have  not  inserted  in  the  table  of 
comparison,  simply  and  solely  because  they  were  not 
made  simultaneously,  but  with  an  interval  of  weeks 
ud  months  elapsing  between  the  periods  at  which  the 
vater  was  submitted  to  the  rival  processes.  Waters 
change  much  in  the  amount  of  organic  matter  which 
thtj  may  contain  at  different  seasons.  The  waters  of 
wells  are  greatly  influenced  by : — (1)  height  of  the 
aubeoil  water,  which  is  always  varying;  (2)  by  the 
amonnt  of  water  that  is  passing  through  the  subsoil  of 
a  country ;  and  (3)  by  heavy  downfalls  of  rain  or 
periods  of  drought  I  have  many  times  found  a  water 
pure  at  one  time  and  impure  at  another,  and  this 
occasional  pollution  of  a  water  is  often  due  to  the 
periodical  washing  of  filth  into  a  well  by  heavy  rains. 
The  disagreement  in  the  opinions  of  able  analysts 
*  It  ii  an  eiuUent  mli^  which  nnfoTtiiiiatelj  could  not  be  followed 
hm,  to  decline  to  give  anj  decidon  reapectiDg  the  nature  of  a  water 
ratil  ramiihed  with  the  tlilleat  infonnation  regarding  iti  source, — aa,  for 
eitmple,  the  geology  of  the  diatrict,  depth  of  the  well,  character  of  the 
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Tespecting  the  purity  of  Bamples  of  vater  taken  periiape 
Tnthin  a  short  iuterral  of  time  from  the  same  veil  is  often 
due  to  these  causes,  which  are  not  sufficiently  recognised. 
Dt.AMijt  Dr.  Ashby,  medical  officer  of  health,  made  six 
■"*''**  analyaea  of  different  waters,  employing  the  Wanklyn, 
Chapman,  and  Smith  process,  and  reported  certain  of 
them  to  a  sanitary  authority  as  unfit  for  use.  The 
agent  of  the  property  to  which  the  wells  belonged 
immediately,  and  in  a  private  manner,  sent  samples  of 
the  same  waters  to  an  analyst  who  used  the  Frankland 
and  Armstrong  process.  The  opinions  formed  by  both 
analysts  of  all  the  waters  examined  by  these  two 
rival  processes  coincided  in  every  instance.  The  figures 
are  unfortunately  not  obtainable,  so  that  they  are  not 
included  in  the  table,  but  that  the  same  general  result 
was  afforded  in  each  case,  and  that  similar  conclusions 
were  drawn  about  the  quality  of  these  six  difTerent 
waters,  some  pure  and  others  impure,  is  an  interesting  fact 
An  examinatiou  of  the  table  before  referred  to  in 
extenso,  shows  that  in  only  one  single  instance  is  there 
a  distinct  contradiction  of  opinions,  and  here  the  conflict 
of  views  is  readily  accounted  for.  In  every  other  case 
where  the  opinions  are  not  identic^  the  adjectives  used 
to  denote  the  deciBions  respecting  the  character  of  the 
water  are  qualified  by  some  adverb.  For  example, 
when  an  amilysis  of  a  water  by  one  process  indicates 
the  sample  to  be  "good,"  or  "  bad,"  an  analysis  ^3y  the 
other  process  of  the  same  water  gives  a  verdict  of 
"  very  good,"  or  "  highly  suspicious,"  etc.  ete. 

Before  studying  the  following  table,  which  is  an 
abbreviation  of  the  complete  one,  it  should  be  clearly 
understood  that  this  comparison  is  confined  to  the  ques- 
tion of  the  quality  of  a  water  as  regards  the  amount  of 
animal  and  vegetable  organic  matter  contained  in  it. 
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Sevetal  of  the  waters  in  the  table,  as  for  example  the 
last,  viz., "  Eaven's  Well,"  would  pass  muster  solely  from 
tbe  consideration  of  the  amount  of  organic  matter  con- 
tained therein,  but  would  be  objected  to  for  other 
reasona  The  water  was  condemned  because  of  its  large 
unoant  of  saline  matter  and  its  excessive  hardness. 

A  very  careful  study  of  the  two  processes,  and  the 
comparative  results  afforded  by  them,  lead  me  to  the 
follovibg  Goncluaions : — 

1.  In  one  instance  only  out  of  99  analyses,  details 
of  93  of  which  are  in  my  possession,  ia  there  a  distinct 
conflict  of  opinion  and  in  this  exceptional  instance  the 
diveigeuce  in  the  restilts  obtained  is  easily  explained. 

2.  The  opinions  do  not  in  a  great  many  instances 
coincide  exactly,  but  the  adjectives  denoting  them  are 
modified  by  some  qualifying  adverb. 

3.  When  the  results  of  analyses  made  by  the  two 
processes  at  or  about  the  same  time  do  not  at  all 
agree,  the  divergence  is  generally  due  te  the  neglect 
on  the  part  of  those  who  practise  the  Wanklyn, 
Cliapnian,  and  Smith  process,  to  estimate  the  amount 
of  nitrates  and  nitrites,  and  to  be  guided  by  the 
evidence  thus  afforded. 

4.  The  results  are  not  concordant  unless  the  analyses 
are  performed  upon  the  same  water  at  the  same  time. 

5.  A  really  bad  water  would  not  be  likely  to  escape 
detection  by  either  process  if  the  nitrates  and  nitrites 
are  always  estimated. 

6.  The  danger  of  the  delivery  of  contradictory 
opinions  respecting  any  given  sample  of  water,  lies 
chiefly  in  the  fact  that  Frankland's  process  gives  higher 
results  than  Wanklyn's  method,  so  that  a  water  pro- 
nounced as  just  passable  by  the  latter  process  might 
be  condemned  by  the  fonner. 
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Ahaltses  of  Waters  hade  at  ob  about  the 

FnaiUand  and  Amultvng  Proeeu, 


P^™ 

100,000. 

DBCMPnoitOT 

M 

It 

V^ 

1 

Ih 

1 

OpW 

D^      ^ 

'229 

■065 

i-2 

... 

■209 

^■B7 

Good.' 

Water  iwad  for 
thcwubiogof 
milk   cani  at 
u>    IsUngton 

1-820 

710 

2-S 

■120 

-400 

7-10 

JHomI 

W«rt    UiddloKI 

Water     Com- 

pany, January 

■8*1 

■084 

lO^O 

■001 

•266 

1-0 

Indiffei 

•128 

■027 

*7 

■001 

■471 

8 -82 

Suipa. 

WaU  water   .     . 

•177 

■017 

100 

■004 

■184 

272 

Good.* 

Deepir      bored 

-ovs 

■009 

11  ■* 

■2*1 

S'Sl 

Good. 

Watar  from  deep 
weU      .    .     . 

■110 

■062 

1-9 

■002 

■2SS 

8  1 

Good.' 

Well  in  Rowe'i 
Bqnare,  Cardiff 

-181 

■087 

6-0 

... 

3-76 

16-C 

Bad.t 

Artenan  Well  of 
Maldon  Water 
Work! .     .     . 

■1« 

■029 

61 

■110 

S6-8 

Good.t 

"Eaven'BWeU" 

(d^p)  ,    .    . 

■261 

■028 

11-8 

■001 

■OOT 

9-9 

Prettyi 
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r  THS  Feanklakd  and  Waneltn  Processes. 

Wamkhpa^  Chaijpman^  ani  Smith,  Proeea, 


jo; 
i 


•10 


■04 
•04 


a 


Okaikb 
Gallon. 


. 


S  • 


•04 


•08 


■08 


•12 
•09 


•06 


•02 

•10 

•  •• 

•12 

1^40 

118 

•81 

•12 

•08 

•04 

•88 

•02 

•80 

•11 

•82 

•01 

•04 


•18 
•32 
•12 

•1 

•17 
2^64 
•67 
7-40 
Trace. 
•07 
•06 


•08 


2-0 


61 


•00 


1^4 
4-8 
1-9 


2-5 

2-1 
10-81 
10-81 
11-80 

26-7 
25-5 
25-5 

7-8 


Opinion. 


Very  good. 


Horribly 
polluted. 


'Opinion  of  the  analyst  Dr. 
C.  Brown. 


'Analyses  made  by  Dr. 
Bartlett,  who  states  that 
29  cases  of  Typhoid  fever 
occurred  amongst  the 
customers  of  the  dairy. 


1 


Notfirstnte. 
Suspicions. 
Pretty  good. 

Good. 

(  Moderately 
j     good. 

fiad.7 
Bad.< 
Bad.  If 
6ood.X 
Good.w 

Bad.x 
Good.i9 

Pretty  good. 


t  Opinion  of  the   analyst, 
Dr.  Frankland. 

y  Oninion    of   the    analyst, 

Mr.  Thomas, 
d  Opinion  of  the    analyst, 

Mr.  Scott 
II  Opinion  of   the    analyst, 

Mr.  Wanklyn. 
X  Opinion  of   the    analyst, 

Dr.  Tidy, 
w  Opinion  of   the    analyst. 

Dr.  Whitmore. 
X  Opinion  of  Messrs.  Hassall 

and  Hehner,  the  analysts. 
/3  Opinion  of  Dr.  Cornelius 

Fox,  the  analyst. 
y.B.-The  sample  received  by  Ho- 
■all  and  Hebner  wu  probably 
obtained  from  a  dirty  cistern. 
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CHAPTER  III 

THE  DETEBUIKATION  OF  THE  MINERAL  PBODCCTS  RESULT- 
ING FROM  CHANGES  IN  THE  ANIUAL  ORGANIC  UAITKR. 


which  is  in  itaelf  hannless,  is  a  product  of  the  decom- 
position of  animal  oiganic  matter,  and  is  present  in  air 
in  exceedingly  variable  quantity,*  out  of  which  it  is 
washed  by  the  great  air-cleanser,  rain.  Bain  contains 
-49  part  pel  million  of  ammonia.  River  water  rarely 
possesses  more  than  '1  part  per  million  of  ammonia. 
Unpolluted  well  water  contains  leas  than  this  amount, 
whilst  spring  water  is  generally  free  irom  it. 

id  Excess  in  Sivulets  and  Shallow  Well  Witters. 

As  ammonia  in  contact  with  animal  matter  and 
subject  to  oxidizing  influences  is  very  rapidly  converted 
into  nitrates  and  nitrites,  its  presence  in  large  quantity 
in  rivuleta  and  shallow  well  waters  indicates  their  veiy 
recent  and  direct  pollution  with  animal  matters.  The 
excess  is  always  accompanied  by  an  excess  of  albuminoid 
ammonia.  In  the  case  of  shallow  wells  a  contamina- 
tion of  the  water  by  urine  is  more  than  probable. 
Vide  page  167. 

*  Vidi  CbOM  and  Antoume,  page  226. 
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£axeaa  in  De^  Well  Water.  dw 

Ammonia  is  found  in  considerable  quantity  in  tlie 
waten  of  some  deep  veils,  espeeieilly  of  those  that  enter 
the  sand  beda  vhicli  lie  imdemeath  the  London  clay.  In 
these  waters  the  amount  of  albuminoid  ammonia  is  so 
eiceedingly  small  as  to  preclude  the  possibility  of  sop- 
peeing  the  existence  of  any  animal  defilement.  Here,  w>< 
for  instance,  are  the  analyses  of  three  waters,  all  from  ™, 
deep  artesian  wells  situated  in  a  little  viUs^ : — ■  ""< 


i.  Dtpth  &S6  (t     .    . 
aVCTTdeep.    .    .    . 
C  Depth  330  ft.      .     . 

Mn^<-.-..™L.™. 

F^Au^U. 

AllKAo=,ool.. 

■G8 
■*1 
■87 

■0* 
■07 
-06 

Here  an  analyses  of  waters  of  another  village,  possese- 
ing  locally  a  high  repute  for  purity : — 


1 

1 

F«.A»»™l. 

Alb-Ao™™.. 

A.  D,pth  2B0  ft.      .     . 

a    ,,    soon.    .  . 

■76 

■7* 

■04 
■08 

An  excess  of  &ee  ammonia,  when  associated  with  a 
ponuBsible  amount  of  albuminoid  ammonia,  may  be 
dne  either — 

1.  To  entrance  of  rain  water  into  well ; 

2.  To    the    beneficial    transformation   of  harmful  pi 
organic  matter  into  the  harmless  ammonia,  through  the  ™ 
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4  agency  of  sand,  clay,  and  other  mattets,  which  act  on 
'  the  water  in  a  manner  similar  to  the  action  on  it  of  a 
■  good  filter; 

3.  To  some  salt  of  ammonia  existing  in  the  strata 
through  which  the  water  rises ;  or, 

4.  To  the  decomposition  of  nitrates.  Mr.  Slater 
suggests  that  the  agent  concerned  in  this  reduction  may, 
in  the  case  of  the  deep  well  waters,  be  the  sulphide  of 
iron  which  is  found  in  the  clay. 

Ammonia  may  be  converted  into  nitrates  and  nitrites 
by  a  process  of  oxidation,  or  be  obtained  from  these 
salts  by  one  of  reduction.  We  conclude,  then,  that 
the  presence  of  free  ammonia  in  such  comparatively 
large  quantities  in  these  deep  well  waters  is  due  to  the 
reduction  of  nitrates  and  nitrites  by  sulphide  of  iron,  or 
some  kinds  of  oiganic  matter,  or  some  other  agent,  such 
oxidised  nitrogen  salts  having  been  produced  in  past 
ages  by  the  oxidation  of  organic  matter.  In  the  case 
of  deep  artesian  wells,  the  borings  of  which  pass  through 
the  London  clay  into  the  chalk  beneath,  the  nitrates 
that,  by  reduction,  furnish  the  waters  of  these  wells 
with  free  anmionia,  doubtless  come  hom  the 'chalk 
itself. 

Mr.  Wanklyn  formerly  regarded  with  suspicion  a 
water  yielding  a  large  quantity  of  free  ammonia,  along 
with  '05  part  per  million  of  albuminoid  ammonia. 
The  above  analyses  of  deep  well  waters,  which  are 
renowned  for  purity  throughout  all  the  country  in 
which  they  form  centres,  prove  that  he  was  wrong. 
In  the  last  edition  (4th)  of  his  Water  Analysis  he 
shows  that  he  has  discovered  his  mistake,  but  he  alto- 
gether omita  to  make  any  allusion  to  his  error,  or  to 
the  individual  who  not  only  privately  but  publicly 
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poioted  it  out  to  him*     He  tlins  signalises  bis  conver- 
uon  on  p^^  131 : — 

"  Well  280  Fur  Dhp  at  BuoKnUARS. 


Dita. 

OuiiiiFuaiuinf. 

BoUda. 

CUdiIbi. 

Vm 

AimDMi., 

Jilj  SO.  1878. 

67- 

10-2 

■80 

■06 

Hiis  vater  exhibits  what  is  occasionaUj  found,  namely, 
a  large  qoastity  of  free  ammonia  in  pure  deep  spring 
vater  of  the  fiist  class." 

Mr.  Allen  of  Sheffield  has  fallen  into  a  similar  error. 
He  mites  "t" ; — "  It  is  not  unusual  to  find  a  very  large 
pnportion  of  ammonia  in  the  water  of  veiy  deep  veils. 
In  the  great  majority  of  instances  it  is  associated  with 
an  eicessive  proportion  of  chlorides — a  fact  which  points 
to  sewage  or  urine  as  the  original  source  of  the  con- 
tonination."  Both  atatementa  are  correct,  but  the  con- 
clusion arrived  at  by  him  is  altogether  wrong, 

Mr.  Wanklyn  has  accordingly  altered  his  standard  of 
"lies  by  changing  the  wording  of  one  of  his  sentences. 
In  the  previous  editions  we  read,  "  I  should  be  inclined 
to  regard  with  some  suspicion  a  water  yielding  a  con- 
siderable quantity  of  free  ammonia,  alimg  with  05  part 
of  alb.  ammonia  per  million."  In  the  present  or 
4tli  edition  he  writes,  "  I  should  be  inclined  to  regard 
vith  some  suspicion  a  water  yielding  a  considerable 
quantity  of  free  ammonia,  along  with  Tnore  than  05 

'  Tide  IFiUa-  AnalytU  for  tU   Mtdicai  Officer  of  Seam,  ftnt 

riitiMi,  f.  18. 

t  PiMie  StaU\  Feb;,  i,  1S77. 
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part  of  alb,  ammonia  per  million," — a,  very  mateiia] 


The  mode  of  estimating  the  quantity  of  &ee 
ammonia  in  a  vater  is  described  on  page  38. 

2.   KlTBOGEN  AS  KlTBATES  AKD  NirSirKS. 

The  controreray  between  Dr.  Frankland  and  Mr. 
Wanklyn  concerning  their  respective  modes  of  water 
analysis  has  waged  very  much  around  the  question  as  to 
the  value  of  an  estimation  of  the  amount  of  these  salts 
in  a  water.  Whilst  the  fonner  appears  to  give  a  pre- 
pondeieting  weight  to  the  indications  afibrded  by  the 
past  history  of  a  water,  and  seems  to  consider  that  the 
determination  of  the  mineral  products  of  the  animal 
pollution  of  a  water  affords  tiie  key  to  the  whole  sitna- 
tion ;  the  latter  denounces,  in  the  strongest  terms,  all 
reliance  on  the  presence,  in  any  quantity,  or  absence,  of 
these  products  of  the  oxidation  of  filth.  Mr.  WanMyn 
says,*  "It  cannot  be  too  strongly  insisted  upon  that 
the  nitrates  afford  no  data  of  any  value  in  judging  of 
the  organic  quality  of  a  water ;"  and  again,  "  The  pro- 
gress of  investigation  has  completely  discredited  the 
nitrates  as  criteria  of  unwholesomene88."t  The  pupils 
of  these  analysts  follow  very  closely  in  the  paths  of 
their  respective  teachers.  Dr.  Hill  of  Birmingham,  in 
his  report  for  1876,  which  contains  a  sheet  of  the 
analyses  of  waters  from  114  different  private  wells, 
appears  quite  content  to  form  an  opinion  of  each  water 
solely  from  the  amount  of  the  products  of  oxidation, 
such  as  nitrates  and  nitrites,  coupled  with  the  propor- 

*  op.  at.,  fourth  edition,  p.  81. 
t  Hart's  Manual  o/Puilic  Htailh,  p.  809. 
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tirai  of  chlorides,  without  ever  attempting  to  estimate 
the  quantity  of  ot^nic  nitrogen,  and  organic  carbon  con- 
tained in  each.  Mr.  Thomas,  public  analyst  of  Cardiff, 
also  stales  that  if  he  found  nitrates  and  chlorides  in 
eKcei»,  and  knew  that  tliis  excess  could  not  be  ascribed 
to  the  peculiar  character  of  the  strata  from  vhich 
die  vkter  was  derived,  he  should  not  detennine  the 
oiganic  carbon  and  nitrogen  unless  required  to  do  so, 
but  would  immediately  condemn  the  water.  This  ex- 
chave  reliance  on  the  evidence  vouchsafed  by  the 
chloiidea  and  nitiates  is  to  be  found  in  Dr.  Cameron's 
Xnml  of  Hygiene.  On  page  7 1  he  writes,  "  In  a  soft 
mter,  remote  from  the  sea,  the  decided  presence  of 
cUorine  and  nitric  acid  should  be  considered  as  clear 
evidence  of  previous  sewage  pollution,  and  such  water 
slioalil  be  regarded  as  dangerous  to  health."  Mr. 
Tf^ner,  F.CS.,  also  writes  thus*  : — "  There  are  many 
cu«H  where  a  sample  of  water  must  be  condemned  on 
the  evidence  of  nitrates,  nitrites,  and  the  microscope 
only." 

An  example  of  an  adhesion  to  the  leverse  set  of 
opinions,  as  taught  by  Mr.  Wanjdyn,  has  already  been 
given  on  pi^e  46. 

Whilst  one  leader  is  at  one  extreme,  the  other  is  at 
theopposite.  Looldngatthematterjudicially,apart£rom 
aM  preferences  for  either  of  these  rival  processes,  and 
Sovened  simply  by  the  results  of  a  large  practical 
eiperience  of  all  kinds  of  water,  I  should  say  that  the 
truth  lies  midway, — 

' "  Media  in  lei  tiitiuimiu  ibia." 
Dr.  Frankland,   although  falling  into  the   mistake, 

■  SanUary  Stcord,  Oct  19t)i,  IS77. 
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whilst  judging  a  water,  of  making  his  decision  almost 
entirely  rest  on  the  degree  of  previous  sewage  contami- 
nation,  and  the  amount  of  nitrates  and  nitrites,  makes 
the  following  statements,*^  with  which  we  must  all 
agree,  and  which  we  should  remember. 

In  the  presence  of  oxygen  the  nitrogen  of  animal 
matters  is  transformed,  in  great  part,  into  nitric  and 
nitrous  acids ;  and  these,  by  combining  with  the  basic 
substances  always  present  in  polluted  water,  are  in  their 
turn  converted  into  nitrates  and  nitrites. 

The  change  is  most  rapid  and  complete  when  pol- 
luted water  passes  through  aerated  soil 

Whilst  the  oxidation  of  animal  matters  in  solution 
in  water  yields  abundance  of  nitrates  and  nitrites, 
vegetable  matters  furnish  under  like  circumstances 
mere  traces,  or  none,  of  these  compounds.t 

Upland  waters,  which  have  been  in  contact  only 
with  mineral  matters,  or  with  the  vegetable  matter  of 
uncultivated  soil,  contain,  if  any,  mere  traces  of  these 
salts;  but  as  soon  as  the  water  comes  into  contact 
with  cultivated  land,  or  is  polluted  by  the  drainage 
from  farm-yards  or  human  habitations,  nitrates  in 
abundance  make  their  appearance.  The  presence  of 
nitrates  and  nitrites  in  sufficient  quantity,  is  therefore 
trustworthy  evidence  of  the  previous  pollution  of  the 
water  with  animal  matters. 

Kitric  and  nitrous  acids  are  present  in  minute  quan- 
tity in  the  air,  out  of  which  the  rain  washes  theuL 
In  71  samples  of  rain  water  collected  at   Bothamp- 

*  Biyere'  Pollution  Commission. — Sixth  Report, 

t  The  researches  of  M.  Boossingault,  which  appear  at  first  sight  to 
throw  a  donbt  on  this  statement,  are  not  by  any  means  condusiye  if 
they  are  critically  examined. 


CHANGES  IN  ANIMAL  DBGANIC  HATTER. 


73 


itMd,  near  St  Albana,  the  proportion  of  nitrogen, 
u  nitrates  and  nitrites,  varied  from  nil  up  to  -03  gr, 
per  gallon.  The  largest  amount,  -which  oceurred  only 
once,  was  exceedingly  smalt. 

Waters  which,  it  is  well  known,  cannot  be  defiled 
hv  manure  or  by  sewage,  never  contain  nitrates  in  a 
piopoition  bringing  them  near  to  the  "  point  of  con- 
traunation." 

The  average  amounts  of  oxidized  nitrogen  found  by 
tbe  Sivers  Pollution  Comnussioners  in  the  pure  waters 
of  tbe  various  geological  strata  are  as  follows  : — 


NiTROosN  AS  Nitrates  and  NrmrrES. 


Gniiu  per  Gtllon. 
■007 
■008 


Pptaid  SvTfae«  Fatw.— Millstone  Grit 

MountfLia  Limestone 
LioB,  Triaa,  aad  Permian  Bock   "007 
Vt9  Wdl  WattT. — New  Red  Sandetone 

Chalk     .... 
Devonian  and  Millstone  Crit 
Sfntg  Wotttt. — SOnrian  Rocks    . 

Moant&in  Limestone     . 
Millstone  Qrit  and  Coal  Measure* 
Oolites       .... 
Chalk        .... 


The  Obfeclwne  of  Mr.  WanHyn  attd  those  who  think  otdKUma 
with  him,  to  the  Determinatum  of  Nitrates  and  "  ul-t?" 
Nitrites,  may  be  thus  sumTnarized :  Nit™*™  urn 

1.  Nitrates  find  their  way  into  waters  from  the 
VBiious  geological  strata  which  they  traverse  ;  for 
example,  chalk  springs,  which  contain  an  infinitesimal 
aooant  of  organic  matter,  are  often  highly  charged 
with  nitrates. 

2.  The  processes  of  vegetation  in  rivers  and  lakes 
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are  calculated  to  withdraw  nitrates  from  the  water; 
accordingly,  an  absence  of  nitrates  may  be  due  to  a 
rife  aquatic  growth  as  well  as  to  absence  of  sewage. 
3.  Baw  sewage  is  said  to.be  free  from  nitrates.^ 
The  examples  adduced  in  support  of  these  statements 
prove  nothing.     If  we  examine  seriatim  the  objections 
themselves,  we  shall  find  that  they  amount  to  very  littlft 
Answers  to         1.  Nitrates   are  found  in  excess  in  certain  pnie 
tioni  ^     waters  from  the   chalk,  but  the  largest  amounts  dis- 
covered do  not  generally  exceed  '7  gr.  per  gallon,  an 
amount  which  would  simply  throw  suspicion  on  the 
water  of  a  shallow  well,  or  of  a  spring,  if  this  result 
was  confirmed  by  other  evidence.    Knowing  this  pecih 
liarity   in  the  waters  of  deep  wells   in  the   chalk, 
namely,  that  they  possess  an  excess,  and  sometimes  a 
large    excess  of  nitrates,  the  objection   falls   to  the 
groimd. 

2.  It  is  perfectly  true  that  vegetable  life  assimilates 
these  salts,  and  so  removes  them,  especially  in  spring 
and  summer.  Accordingly,  their  amount  will  then 
show  a  slightly  more  favourable  result  than  really  exists 
during  the  quiescent  months  of  the  year.  This  optimist 
indication  in  the  growing  season  appears  to  be  a  very 
feeble  objection,  especially  when  it  is  remembered  that 
the  estimation  of  the  nitrates  and  nitrites  is  only  one  of 
several  data  on  which  an  opinion  of  a  water  should  be 
based. 

3.  In  undiluted  sewage  putrefaction  rapidly  occuis, 
during  which  process  the  nitrates  are  destroyed.*  I 
cannot  consider  this  as  a  valid  objection. 

*  Some  believe  that  in  sewage  nitrogenous  oi^nic  matter  is 
destroyed  without  the  formation  of  nitrates,  the  nitrogen  being  eyolred 
in  the  form  of  gas. 
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Uiiiitg  of  the  Sriimaiion  of  Oxidised  Nitrogen  Salts,     rtmtrofth* 

The  presence  of  an  excess  of  these  salts  in  a  water  JJ"^^  ^^ 
aiTords  do  indication,  taken  by  itself,  that  such  wat€r  Niuiu*. 
deserves  condemnation,  nor  does  the  complete  absence 
of  iiitrat«s  and  nitrites  ^arratit  any  one  in  pronouncing 
■  water  to  be  pure.  Some  of  the  purest  waters,  such, 
(or  example,  as  those  from  deep  wells  in  the  chalk, 
coDUiu  much  nitrates,  which  have  aptly  been  termed 
foBail  oixanic  matter,  or  the  skeleton  of  sewage ;  whilst 
ntets  so  Foil  of  vegetable  matter  as  to  be  injurious  to 
bnlth,  may  not  contain  a  vestige  of  them.  Taken 
lii^ly,  the  estimation  of  the  amount  of  these  salts 
teiches  ub  very  little  about  a  water,  but,  taken  in  con- 
jimction  with  other  evidence,  it  affords  valuable  aid  to 
US  in  the  fommtion  of  an  opinion.  It  euaLlua  ua  to 
du^Doee  peaty  waters,  which  cannot  always  be  distin- 
gniibed  from  other  waters  possessing  an  excess  of  organic 
mtter  by  the  Wanklyn,  Chapmam,  and  Smith  process, 
fw  peaty  waters  never  hold  nitrates  and  nitrites  in 
Niliition  in  more  than  very  small  proportions  indeed,  if 
uij  at  alL  Although  the  water  of  a  well  far  away 
frmn  any  chalk  may  be  found  to  be  organically  pure, 
f  et  the  presence  of  any  large  quantity  of  nitrates  and 
nitrites,  which  are,  so  far  as  onr  knowledge  extends, 
bonnless  in  themselves,  teachee  as  that  the  water  is  in 
inuuinent  danger  of  pollution.  This  discovery  tells  us 
that  the  natural  oxidizing  process  of  cleansii^  and 
pwification  by  the  soil  is  proceeding;  but  experience 
inftums  us  that  a  time  will  come,  and  we  know  not  how 
soon,  when  the  soil  will  become  overdone  with  filth,  and 
will,  at  first  imperfectly,  and  at  length  finally,  cease  to 
deaoBe  by  filtration  the  polluted  water,  when  the  oi^anic 
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matters  will  themselTes  enter  the  well ;  or  the  organic 
animal  filth  may  be  washed  into  the  well  at  an; 
moment  by  a  sudden  downfall  of  rain.  The  presence 
then;  of  these  salts,  in  considerable  proportion,  in  shalloi 
well  waters,  in  non-chalky  districts,  is  an  ominous  sign 
A  public  analyst  has  recently  written : — "  Nitrates  ii 
a  deep  well  water  represents  fossil  excreta,  but  nitratei 
in  a  shallow  well  water  represent  reeent  excreta."  Hu 
former  part  of  the  sentence  is  true  enough,  but  thi 
latter  is  misleading.  I  have  known  shallow  well  wat^ 
in  chalky  districts,  that  could  not  possibly  have  beet 
defiled,  exhibit  an  excess  of  nibutes. 

There  existe  a  widely  spread  fear  lest  the  germs  o 
disease  may  survive  the  almost  complete  oxidation  bj 
earth  of  dead  organic  matter,  and  may  co-exist  wid 
nitrates  and  nitrites  in  a  water  devoid  of  any  excess  o 
organic  m^ter.  Some,  indeed,  believe  that  water  fnm 
a  well,  within  a  yard  or  two  of  a  cesspool,  carmo 
possibly  be  pore.  I  have  known  several  wells  in  cla] 
soil,  varying  in  distance  from  one  to  five  yards  fron 
cesspools,  which  have  supplied  water  of  the  greateff 
purity,  their  safety  beii^  due  to  the  retentive  proper 
ties  of  the  clay,  and  the  water-tight  condition  of  tbi 
cesspools.  I  am  acquainted  with  a  family  that  has  fa 
years,  without  apparent  ill  effects,  been  drinking  watei 
from  a  well  in  porous  gravelly  soil,  within  two  yard) 
from  an  enormous  cesspool,  which  is  evidently  no 
water-tight.  The  water  is  organically  pure,  but  con 
tains  between  1  to  2  grains  per  gallon  of  nitrogen  ii 
the  form  of  nitrates  and  nitrites.  Highly  dangerous  o 
course  it  is  to  drink  such  water,  for  the  well  may  bi 
defiled,  or  the  earth  may  cease  to  act  as  an  efiicien 
filter,  at  any  instant     The  curious  spread  of  typhoit 
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tern  at  l^usen,  in  Switzerlaud,*  by  water  that  bad 
pueed  through  an  immenae  thickness  of  eartb,  bas  pro- 
bablj  had  much  to  do  with  the  prevalence  of  tbe  sus- 
picioa  just  referred  to.  No  circumstance  in  support  of 
this  fear  has  to  my  knowledge  occurred  in  this  couutry. 
Sunples  of  several  waters  were  once  sent  to  me  for 
tnalysia,  obtained  from  Abyssinian  well-borings  made 
in  the  Wcinity  of  a  village  a£Qicted  always  with  filthy 
liter,  and  periodically  with  fever.  Being  prevented 
ktthe  time  from  making  any  examination  for  nitrates 
ind  nitrites,  I  selected  the  two  waters  which  appeared 
lo  me  in  all  other  respects  the  best  of  the  batch. 
Tbey  each  exhibited  more  organic  matter  than  good 
drinking  waters,  but  they  were  both  rather  turbid  from 
the  presence  of  mud  (wliich  contains  oiganic  matter), 
the  introduction  of  which  was  unavoidable  in  the  col- 
lection of  samples  from  new  borings.  Experience  taught 
me  that  when  the  wells  were  lined  with  bricks,  pumps 
erected,  and  the  waters  daily  removed  by  the  villagers, 
they  would  exhibit  no  excess  whatever  of  organic 
matter.  No  information  was  sent  as  to  the  situation 
of  tbe  new  wells.  It  afterwards  transpired  that  one 
VB8  dug  far  away  from  all  filth,  in  an  excellent  site, 
*Mlst  the  otlier  was  sunk  in  a  situation  where  it  was 
BKompaased  on  three  sides  by  ceeepoolB  and  leaky 
dtaics.  After  some  montha  had  elapsed,  and  before  a 
pomp  was  erected  over  the  latter  well,  another  sample 
of  the  water  was  sent  for  examination.  It  proved  to 
be  ixee  bom  any  turbidity,  to  have  a  distinct  brownish 
tint,  and  to  contain  excremental  filth.  If  I  had  been 
■ble  to   examine   these   two   waters   for   nitrates  and 

*  SeOrOge  atr  EiUtUhungiguchitJiit  <b*  Typktu  imd  rar  TrinJnBai$er- 
i*K.-Voii  Dr.  A.  Hiigier. 
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nitrites,  when  the  first  samples  were  submittedy  I  should  j 
in  all  probability  have  found  these  products  of  the  oxi- 
dation of  filth  in  the  water  of  the  weU  sunk  in  the 
dangerous  position,  and  should  have  immediately  en- 
deavoured to  dissuade  the  senders  from  digging  a  well 
where  it  might  at  any  moment  be  polluted  witk 
sewage. 

Here  is  an  analysis  of  a  well  water  kindly  sent  to 
me  by  Dr.  Armistead,  of  the  Cambridgeshire  distiict^ 
which  would  have  been  passed,  as  pure,  if  sole  reliance 
had  been  placed  on  the  indications  afforded  by  the 
Wanklyn,  Chapman,  and  Smith  process. 


Qraing  per  Gallon. 

MilHgimmine  per  Utn. 

Chlorine. 
i' 

Free  Ammonia. 

Albom.  AmmonU. 
•06 

The  amount  of  chlorine  did  not  exceed  the  avenge 
for  the  neighbourhood.  Suspicions  were  aroused  when 
the  well  was  found  to  be  near  a  churchyard,  and  oxides 
of  nitrogen  were  sought  for.  These  filth  products 
were  found  in  abundance,  and  a  considerable  quantity 
of  phosphates  were  also  discovered. 

Here  is  another  example  of  a  water  that  would  have 
been  deemed,  if  tnist  had  solely  been  placed  on  the 
amount  of  free  and  albuminoid  ammonia,  to  be  of  indif- 
ferent quality,  but  passable : 


Free  ammonia  . 
Albuminoid  ammonia 


Milligramme  ner  litre  < 
Part  per  imUQa 

.      -005 

.      -10 


Chlorine  in  excess,  but  not  above  the  average  of  the 
pure  waters  in  the  vicinity.     Nitrogen,  as  nitrates  and 
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nitrites,  3*7  grftins  per  galloa  This  wetet  came  from  a 
well  which  proved,  on  enquiry,  to  be  situated  in  a  highly 
dangerous  place.  Such  a  water,  exhibiting  so  large  a 
pniportum  of  nitratea  and  nitrites,  deserved  condemna- 
tion. 

Here  is  a  thiid  analysis,  of  the  water  from  a  well 
23  feet  deep,  which,  as  regards  its  oiganic  cont«nts, 
vonld  be  pronounced  of  the  utmost  purity : — 


anlupwOalloiL 

Solid*. 

Chlorine. 
2-3 

Free  Ammania.  1  Alb.  Ammonii. 
■01            1           -0* 

As  there  was  an  excessive  brilliancy  about  the  wat«r, 
TBj  suspicions  were  aroused ;  so  I  examined  the  water 
for  nitrc^D  in  the  form  of  nitrates  and  nitrites,  of 
vhich  I  found  I'll  gr.  per  gallon.  My  opinion,  ex- 
pressed to  the  applicant  was,  that  the  water  was  pure 
at  the  time  of  analysis,  but  was  in  great  danger  of  pol- 
lution ;  that  the  soil  cleansed  the  water  at  present,  bat 
voold  cease  to  do  so  after  a  certain  period,  when  filth 
*oald  enter  the  well.  The  applicant  then  informed 
me  that  there  was  a  cesspool  two  or  three  yards  &om 
tbe  well.  How  would  the  Wanklyn,  Cliapman,  and 
Smitji  process,  unaided  by  the  estimation  of  the  nitrates, 
bave  enabled  me  to  see  the  danger  ahead,  and  sound 
tbe  note  of  warning  ? 

The  analyses  made  by  Mr.  Wigner  of  the  water 
mpply  of  Glacton  on  Sea,*  where  the  proportion  of 
flee  ammonia  and  albuminoid  ammonia  was  very 
low,  whilst  tbe  amount  of  nitratea  was  high,  and  the 
microscope  disclosed  the  presence  of  aumeroua  par- 
*  Smtitary  Secord,  Ang.  81, 1877. 
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tides  of  decomposed  muscular  fibre,  etc.,  are  of  in- 
terest in  connection  with  the  subject  under  conside^ 
ation.  Many  additional  instances  could  be  given,  if 
space  permitted,  to  show  the  value  of  an  estimation  of 
the  nitrates,  but  such  must  surely  be  unnecessary. 

The  omission  to  pay  any  regard  to  the  amount  of 
nitrates  and  nitrites  in  a  water  is  practically  to  ignore 
the  infiltration  of  filth  into  a  water  supply  that  is  not 
very  recent. 

It  is  not  needful  in  every  case  to  make  a  quantita- 
tive examination  of  the  nitrogen  as  nitrates  and  nitrites. 
If  any  doubt  exists  after  estimating  the  amount  of  free 
amm6nia,  albuminoid  ammonia,  and  chlorine — if  one's 
diagnosis  is  somewhat  obscured  by  any  curious  results 
— if,  indeed,  there  is  the  slightest  haze  or  mist  in  con- 
nection with  an  analysis,  it  is  wise  to  calculate  the 
quantity  of  nitrates  and  nitrites.  I  should  not  think 
of  making  an  estimate  of  these  salts  in  the  water  of  a 
spring,  far  removed  from  any  filth,  that  is  always  running 
or  in  an  artesian  well  water,  respecting  both  of  which 
there  existed  no  suspicion,  and  both  of  which  showed 
infinitesimal  amounts  of  free  and  albuminoid  anunonia. 
In  Dr.  Armistead's  analysis  the  numbers  of  these  two 
kinds  of  ammonia  afforded  a  suspicious  indication ;  and 
in  the  analysis  which  immediately  follows  it,  the  quan- 
tity of  albuminoid  ammonia,  coupled  with  the  know- 
ledge of  the  dangerous  position  of  the  well,  would  have 
led  me  to  test  for  salts  of  nitrogen. 

^i^**^^  A.    QUALITATIVE  EXAMINATION. 

The  Honiej  The  Hordev  Test. — This  test  consists  in  the  addi- 
tion  of  a  minute  quantity  of  pyrogallic  acid  to  a  little 
of  the  water  to  be  examined ;  the  smallest  bit  of  com- 
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mon  salt  is  dropped  into  the  mixture ;  and,  finally,  a 
small  quantity  of  pure  sulphuric  acid  is  introduced, 
by  means  of  a  fuuiiel  tube,  underneath  the  water. 
The  layer  of  sulphuric  acid  assumes  a  dark  lilac  or 
black  colour  when  a  water  contains  much  nitrates  and 
nitrites,  and  remains  colourless  when  twice  distilled 
water  is  employed  ? 

Dr.  Bond  of  Gloucester  practiMes  the  following 
modificfttion : — Twenty  TninimR  of  pure  sulphuric  acid 
m  placed  in  a  very  small  test-tube,  to  which  10 
nuDims  of  the  water  to  be  examined  are  added.  One 
dnp  of  a  solution  of  pyrogaUic  acid  (10  grains  to  1 
oance  of  distilled  water  acidulated  with  2  drops  of 
tiil|dmriG  acid)  is  then  dropped  into  the  mixture.  The 
<lepth  of  the  dark  amethyst  or  vinous  brown  coloia- 
tioD  is  a  measure  of  the  amount  of  the  salts  present. 
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It  is  wise  to  make  one  or  two  blank  experiments 
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with  twice  distilk'd  water,  wlieii  fresh  eheiiiieals  are 
employed,  so  as  tx)  be  assured  of  their  purity.  It  will 
be  found  useful  to  keep  some  spring  water,  or  other 
waters  containing  known  quantities  of  nitrates  or 
nitrites,  ready  at  hand,  with  which  to  make  compari- 
sons.* After  allowing  the  colour  to  develope  for  a 
few  minutes,  the  contents  of  the  test-glass  should  be 
shaken,  so  as  to  mix  the  sulphuric  acid  with  the  water, 
and  no  opinion  should  be  formed  as  to  the  water  under 
examination  until  a  quarter  of  an  hour  has  elapsed  after 
such  commingling  has  been  eflTected. 

The  necessity  of  observing  this  rule  is  shown  by  the 
foregoing  table.     It  is  stated  that  if  nitrates  are  alone 
present,  the  tints  will  be  of  an  amethyst  and  dark  brown 
hue,  whilst  the  exclusive  existence  in  a  water  of  nitrites 
is  shown  by  a  preponderance  of  a  reddish  brown  or 
vinous  red  colour.     This  Horsley  test  is  found  to  con- 
vey very  useful  information    to    those  who   make  a 
study  of  it,  and  is  especially  convenient  in  travelling, 
as  it  does  not  involve  the  conveyance  of  any  cumbrous 
apparatus.     A  portable  and  safe  arrangement  may  be 
made  by  fitting  up  a  small  box  with  the  following 
articles: — Pure    strong   sulphuric    acid    in  a    capped 
stoppered  tube  bottle  enclosed  in  a  vulcanite  tube  case ; 
soL  of  pyrogallic  acid  in  a  capped  dropping  bottle; 
stoppered  test  glasses,  each  marked  by  a  file  to  indicate 
the  height  reached  by  20  minims  of  sulphuric  acid ;  and 
a  minim  measure. 

*  If  the  medical  officer  of  health  has  none,  he  can  prepare  three  or 
four  standard  waters,  made  by  mixing  i  gr.,  1  gr.,  2  grs.,  3  grs.,  and 
4  grs.  of  nitrate  of  potash,  each  with  a  gallon  of  distilled  water. 
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B.    QUANTITATIVE  EXAMINATION.  (h 

Experience  has  shown  me  that  it  is  of  no  practical 
service  whatsoever  for  sanitary  purposes — in  fact  a 
waste  of  time- — to  estimate  to  the  third  decimal  point 
tie  amount  of  nitrates  and  nitrites ;  for  such  extremely 
accnrate  results  should  not  influence  oar  opinion  re- 
specting a  water  in  one  way  or  the  other.  Dr. 
Frankland  and  his  followera  ride  to  death  this  hobby 
of  the  excessive  importance  of  the  determination  of 
the  minutest  amounts  of  these  salts.  The  majority 
of  them  positively  subtract  from  the  figures  which 
they  obtain  '0224  grain  per  gallon,  as  an  allowance  for 
the  amount  of  inorganic  nitrogen  in  rain  water.  It 
intely  is  quite  absurd  to  treat  all  waters  alike ;  e.g.,  the 
average  total  amount  of  ammonia,  nitrates,  and  nitrites 
in  a  pure  upland  surface  water  is  '00 7 7  grain  per 
gallon,  or  practically  nU.  Dr.  Franklaad  would  then 
niaie  a  deduction  of  0224  grain  per  gallon  on  account 
of  the  ammonia  in  rain ;  or,  in  reality,  more  than  the 
total  quantity  of  inorganic  nitrogen  contained  in  this 
pure  water. 

There  is,  as  we  all  know,  a  strong  tendency  in 
tutore  to  the  establishment  and  maintenance  of  an 
equilibrium.  Eoughly  and  generally,  it  may  be  said, 
Chat  the  excess  of  inorganic  nitrt^n  that  may  find  its 
vay  into  the  soil,  and  into  streams  and  lakes,  through 
the  washing-out  of  the  ammonia  in  the  air  by  rain,  is 
compensated  for  by  the  abstraction  of  the  ammonia  by 
vegetation  on  land,  and  the  removal  of  the  nitrates  and 
nitrites  by  aquatic  plant  life. 

The  quantitative  processes  for  the  estimation  of  the 
nitrogen  products  of  the  oxidation  of  organic  matter 
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are  rather  numerous.  The  aluminium  process  of 
Schultze,  modified  by  Chapman  and  Wanklyn;  and 
Walter  Crum's  process  with  mercury,  as  modified  by 
Frankland  and  others;  and  the  indigo  process,  have 
been  perhaps  the  most  popular.  The  objection  to  the 
first  is,  that  it  is  useless  for  waters  containing  large 
quantities  of  nitrates ;  and  the  objection  to  the  second 
is,  that  it  necessitates  the  employment  of  large  and 
costly  apparatus  for  the  measurement  of  gases,  and  an 
expensive  mercurial  bath.  Grave  doubts  have  recently 
been  thrown  on  the  accuracy  of  the  third  and  last- 
named  process. 
The  Indigo  Tht  ludigo  Proccss, — A  number  of  sanitary  analyses 
have  recently  been  published,^  in  which  the  estimation 
of  the  nitrates  would  seem  to  have  been  made  by 
means  of  the  indigo  process.  My  experience  with  it 
and  that  of  others  has  been  most  imsatisfactory,  on 
account  of  the  difficulty  in  obtaining  concordant  re- 
sults. As  some,  however,  entertain  a  belief  in  its 
value,  it  is  perhaps  desirable  to  refer  to  it  somewhat  in 
detail  Boussingault,  Marx,  Trommsdorff,  Gk)ppels- 
roeder,  and  Bemmelen,  have  worked  particularly  at  this 
indigo  process  in  various  ways,  but  the  most  recent 
mode  of  appljring  it  is  that  described  by  Sutton.t  An 
investigation  has  recently  been  made  at  the  Rothamsted 
Laboratory  as  to  the  value  of  the  indigo  process,! 
which  appears  to  have  been  of  an  exhaustive  character. 
A  few  extracts  from  the  papers  referred  to  may  advan- 

•  *«0n  the  Water  Supply  of  Seaside  Watering- Places,'*  by  G.  W. 
Wigner,  F.C.S.,  in  Sanitary  Record,  commencing  in  Na  165,  August 
24,  1877,  and  appearing  in  subsequent  numbers. 

t  Volumetric  Analytis,  3d  edit,  pp.  112  and  118. 

J  **0n  the  Quantitative  Determination  of  Nitric  Acid  by  Indigo," 
by  Robt.  Warington,  in  Chemical  Ifetof,  February  2d  and  9th,  1877. 
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tageoasly  be  given.  "  The  method  of  nuuiuig  indigo 
him  a  burette  into  a  nitrate  Bolution  mixed  vith  a 
filed  quantity  of  sulphuric  acid  can  nevex  yield  reliable 
legnlts."  "  The  tints  obtained  differ  someirbat  accotd* 
log  to  the  proportion  of  Bnlphuric  acid  used,  the  mode 
in  which  it  is  added,  and  other  circnmstances :  the 
pmence  of  chlorides  also  affects  the  colour."  After 
pointing  out  that  nearly  all  the  purest  distilled  oil  of 
Tibriol  that  is  sold  contains  either  nitrous  add  or  sul* 
Jiliiiious  acid  and  other  reducing  impurities,  and  some- 
tiiiKfl  both  of  these  acids,  and  that  it  is  necessary  for 
the  operator  to  himself  purify  his  oil  of  vitriol,  the 
Mthor  vrites: — ^"  The  various  writers  on  the  subject, 
fnm  Marx  to  Sutton,  all  recommend  the  use  of  a 
double  volume  of  oil  of  vitriol  We  have  seen  that 
vitb  this  large  proportion  of  sulphuric  acid  the  errors 
caaged,  both  by  oiganic  impurities  and  by  impurities  in 
tile  acid  itself,  are  at  their  maximum.  Evidence  has 
also  been  adduced  to  show  that  with  this  proportion  of 
Bcid  the  indigo  scale  has  not  the  same  value  in  every 
part  Chlorides  tend  to  reduce  the  amount  of  indigo 
ttqniied." 

A  study  of  these  researches  at  Bothamsted  cannot 
fail  to  render  any  one  a  convert  to  the  conclusion  of 
Ur.  Warington  and  his  fellow-workers  respecting  the 
iodigo  process  as  it  has  been  and  is  applied,  namely, 
that  "  it  can  only  be  exact  imder  very  exceptional  cir- 
nunstances." 

Vernon  Harcourt's  jmjcess   for  the  eetimation  of^' 
nitrogen   in  nitrates,  which   has  been   modified   by  si 
Siewert,*  of  zinc-iron  couples  and  caustic  potash,  is  not  >" 
adapted   for  sanitary  work.     The  copper-zinc  couple 
*  Volvmetrie  Amiiyrit,  Sd  edit,  pp.  108  Mid  104. 
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process,  to  be  presently  described,  is  a  great  improve- 
ment, although  Mr.  S.  W.  Johnson,  of  Yale  College, 
U.S.,  who  is  not  apparently  very  au  fait  at  the  latter 
process,  prefers  the  former.* 

I  am  in  the  habit  of  employing  two  quantitative 
processes,  one  being  a  modification  of  Thorp's  process, 
by  which  the  nitrates  and  nitrites  are  both  estimated ; 
and  the  other  being  Drs.  Woods*  and  Chaumont's  pro- 
cess, in  which  the  nitrites  are  alone  measured.  The 
latter  is  the  more  rapid.  If  the  water  under  examina- 
tion contains  iron,  as  is  shown  by  testing  it  in  the  simple 
manner  described  on  page  121,1  employ  the  modification 
of  Thorp's  process,  to  be  directly  described ;  but  if  it  is 
not  to  any  extent  chalybeate,  then  I  use  the  perman- 
ganate of  potash,  as  explained  on  pages  33  and  34. 
Vide  Bules  for  Guidance,  on  pages  36  and  91. 

Xodifloation    Modification  of  Thorpes  Process  for  the  Bstimaiion  of 
pn^*  the  Nitrogen  as  Nitrates  and  Nitrites. 

Thorp's  process  for  the  estimation  of  these  salts  is 
based  on  the  fact  discovered  by  Dr.  Gladstone  and  Mr. 
Tribe,  that  a  thin  plate  of  zinc,  coated  with  copper,  de- 
composes water,  and  that  the  hydrogen  evolved  is 
capable  of  reducing  nitric  acid  in  combination  to  a  state 
of  ammonia. 

NO3K  +  4H,  =  NH3  +  HKO  +  2H2O. 

The  apparatus,  as  depicted  in  the  accompanying 
engraving.  Fig.  4,  is  first  cleaned  with  tap  and  afte^ 
wards  with  distilled  water. 

Five  grammes  of  the  thinnest  zinc  foil,  cut  with  a 

*  Fide  Analyst,  August  1877. 
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i  into  little  squares  about  the  size  of  a  5-ceDti~ 
le  weight,  are  thea  placed  on  a  piece  of  paper 


liar  gllu,  prorlded  wUb  ms 


ready  for  use.  Some  stnmg  solution  of  sulphate  of 
copper  (made  by  dissolving  the  pure  salt  in  distilled 
water)  is  introduced  into  a  flask  of  the  capacity  of 
\  litre,  or  1  decigallon,  provided  vith  a  long  neck  and 
tliick  strong  mouth  for  the  insertion  of  an  india-rubher 
cork  The  quantity  of  the  solution  should  be  sufficient 
to  cover  the  iragmenta  of  zinc  foil  when  they  are 
introduced.  The  solution  should  be  gently  warmed 
OTer  a  Bunsen's  burner,  and  the  bits  of  zinc  foil  should 
then  be  passed  into  the  flask.  The  zinc  should  not  be 
Bllowed  to  float  on  the  solution.  A  gentle  swaying 
lootion  will  suffice  to  cause  them  to  sink.  Let  the 
copper  solution  act  on  the  zinc  for  about  ten  minutes. 
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when    the  scraps   of   zinc  will   have  become  perfectly 
black  by  the  copper  deposited  on  them.     If  the  zinc 
has  not  entirely  lost  its  metallic  appearance,  the  solution 
of  sulphate  of  copper  has  not  acted  on  it  sufficiently 
long.     When  the  zinc  is  well  coated  with  copper,  ponr 
oflF  the  copper  solution  as  completely  as  possible.    Fill  up 
the  flask  with  tap  water  three  or  four  times,  stopping  for 
a  moment  on  each  occasion  in  order  to  allow  floating 
particles  to  subside,  and  pouring  the  water  away  caie- 
fully  so  as  not  to  lose  any  of  the  couple.     Then  half 
fill  the  flask  with  distilled  water,  and  having  poured 
that  away  also,  add  about   300  or  325  cub.  cent  of 
distilled  water.     The  flask  will  then  be  about  three- 
parts  fulL     It  is  not  wise  to  shake  the  contents  of  the 
flask  about  more  than  is  needful  to  wash  them  thor- 
oughly, for  violence  tends  to  detach  the  spongy  coating 
of  copper  from  the  zinc.     Whilst  these  preparations 
are  being  made,  70  c.  c.  of  the  water  to  be  examined 
should  be  undergoing   evaporation  to  dryness  on  a 
water  bath  in  a  Berlin  porcelain  dish  of  the  diameter  of 
4  inches.     25  c  c.  of  distilled  water  is  to  be  added  to 
the  solid  residue,  together  with  a  bit  of  recently  burnt 
quicklime  (preserved  in  a  stoppered  bottle)  about  the 
size  of  a  hempseed,  and  the  liquid  is  then  boiled  (to 
decompose  any  urea  which  may  be  present)  until  about 
4  or  5  c.  c.  remain.     Care  should  be  taken  in  boiling 
that   none  of  the    fluid   be   ejected    from    the    disL 
Pour  these  4  or  6  c.  c.  into  the  flask,  and  thoroughly 
wash  out  the  dish  in  which  the  water  was  evaporated 
with  as  little  distilled  water  as  possible,  transferring 
the  washings,  which  generally  amount  to  15  or  20  c.  c., 
to  the  flask.     If  the  presence  of  a  large  excess  of 
nitrogen  salts  is  probable,  a  U  tube  should  be  attached 
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to  the  receiver,  into  whkh  25  c.  c,  of  distilled  water 
lure  been  pluced.  Distil  over  100  c.  c,  of  which  a 
hilf  (50  c.  c)  should  be  placed  in  a  Nessler  glasa  and 
2  c  c.  of  Nessler  test  be  added.  If  the  tint  is  deeper 
thaa  can  conveniently  be  measured,  as  for  example  that 
of '30  or  '40  milligitimme  of  ammonia,  take  5  or  10 
&&  of  the  remaining  50  c.  c,  and  having  mixed  them 
lilli  45  or  40  c.  c  (so  as  to  make  50  c  c.)  of  dis- 
tOled  vater  in  a  Neasler  glass,  add  2  c.  c  of  Nesaler 
tnt  The  depth  of  tint  should  be  imitated  by  mak- 
ing np  standards  with  the  standard  ammonia  solution 
(1  c  c.  =  '0 1  milligramme  of  ammonia),  as  in  the  Wank- 
Ijii,  Chapman,  and  Smith  process.  If  the  tint  afforded 
V  the  50  c.  c.  is  not  deeper  than  can  be  conveniently 
ettimated,  the  amount  of  ammonia  producing  it  is 
Hmply  to  be  multiplied  by  2  to  yield  the  quantity  for 
100  c  c  If  5  c.  c.  or  1 0  c.  c,  however,  be  taken,  the 
nmlt  should  of  course  be  multiplied  by  20  or  10,  as 
the  case  may  be,  in  order  to  obtain  the  quantity  con- 
Uiaedin  the  100  a  c. 

Whilst  this  calculation  is  proceeding  a  second  100 
&C.  is  distilling  over,  which  should  be  treated  like  the 
fint  During  the  examination  of  the  second  100  c.  c. 
a  thiid  distillate  is  passing  into  the  receiver.  Unless 
there  is  a  large  amount  of  nitrogen  salts  present  the 
Qiiid  distillate  need  only  be  50  cc,  and  this  quantity 
*in  be  found  to  be  the  last  that  is  necessary  to  remove 
m  the  majority  of  cases,  as  all  the  ammonia  will  have 
distilled  over.  If  the  U  tube  has  been  employed,  the 
25  0,  c  of  distilled  water  in  it  should  be  mixed  with 
u  equal  bulk  of  distilled  water  in  a  Nessler  glass  and 
tested  for  ammonia  with  Nessler  re-agent  If  any 
<xiwa  is  produced,  which  will  be  the  case  if  the 
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nilriUcs   and   iiilriti-s  be  vury  ahuiidaiit,  the   jJiopurtiuii 
should  be  measured  by  preparing  a  standard. 

Before  this  process  is  employed  for  the  detennina- 
tion  of  the  nitrogen  as  nitrates  and  nitrites,  it  is  necessaij 
to  ascertain  the  amount  of  impurities  in  the  chemicals 
used.  Anmionia,  like  soda,  is  omnipresent.  It  is  ex- 
ceedingly difficult  to  get  anything  perfectly  free  from 
either.  Accordingly,  three  or  four  blank  experiments 
should  be  made,  and  an  average  of  the  amount  of  free 
ammonia  jdelded  by  the  chemicals  must  be  subtracted 
from  the  results  arrived  at  by  each  analysis  of  a  water. 
The  above-mentioned  quantities  of  my  chemicals  furnish 
about  '06  of  a  milligramme,  which  I  deduct  from  eadi 
water  analysis,  for  example — 

70  cab.  cents,  of  the  water  analysed  snppliedL 

(1)  Distillate  of  100  c  c         .         '8b 

(2)  Distillate  of  100  c  c.         .         *02 

(3)  Distillate  of  50  c.  c.  .         -01 

•88 


Average  of  error     . 

•06 

•82 

Milligrammes, 

AmmonU. 

Ammonia. 

Nitrogen 

17* 

•82 
14 

14* 

328 

82 


Nitrogen. 


17)ir48(    ^67 
10  2 


128 
119 


9 
*  The  atomic  or  combining  weights  of  ammonia  and  nitrogen. 


* ' 
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Jos.  "67  miUigramme  of  nitrogen  in  70  c.  c.  of  water 
ander  examination,  wliich  is  equivalent  to  ■67  grain 
per  gallon.  Aa  70  c.  c.  is  what  has  been  termed  "  a 
miniature  galloD,"  the  amount  in  niilligrommeiS  of  nitro- 
gen (rom  nitrates  and  nitrites  thus  found  represents  the 
quantity  of  this  element  in  grains  per  gallon. 


Rides /or  Guidance..  Rnl^ 

Spring  wfttere  contain  on  an  average  "2  grain  ptJr 
gidlou  of  nitrogen  as  nitrates  and  nitrites,  llie  water 
npplied  to  London  by  the  Thames  Water  Companies 
poeaessee  about  '15  grain  per  gallon,  whilst  that  which 
ii  fnmiBhed  to  the  metropolis  by  the  Kent  Company  from 
tk  chalk,  holds  in  solution  about  '3  grain  per  gallon. 
Some  wells  that  enter  the  chalk  yield  a  larger  amount, 
viz.  '6  and  '7  grain  per  gallon,  and  sometimes  much 
■lore  of  nitrogen  as  nitrates  and  nitrites,  in  other  words, 
of  fossil  organic  matter,  and  are,  notwithstanding,  per- 
fectly pure.  When,  however,  from  -3  to  ■?  grain  per' 
g^oD  is  reached  in  waters  that  do  not  come  &om  the 
chalk,  the  excess  becomes  an  increasingly  suspicious 
drcumstance.  A  water  exhibiting  1'5  graui  per  gallon 
ia  T^arded  as  approaching  that  class  of  waters  which 
voold  be  considered  dangerous  for  drinking  purposes. 
treaty  waters  and  sewage  contain  none,  or  only  a 
loinute  quantity.  In  the  case  of  sewage,  putreEoction 
supervenes,  during  which  process  the  nitrates  are  de- 
•troyed. 

Niiric  Add  or  Citrous  Acid  f  Kitrio  Add 

oTNllroM 

It  is  sometimes  desirable,  in  the  case  of  waters  that  ^'^^ 
ue  threatened  with  pollution,  to  ascertain  whether  the 
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oxidized   nitre »;,^<'ii   is   in   tlie  form   of  tlie  liiudu'r  oxi'le, 
viz.  Nitric  acid,  or  the  lower  oxide,  Nitrous  acid.    If  all 
the  combined  nitrogen  is  in  the  form  of  nitrates,  which 
contain  an  atom  more  of  oxygen  than  nitrites,  we  kno^ 
that  a  complete  oxidation  of  the  organic  matter  has 
occurred.     If  the  nitrates  are  accompanied  by  nitrites 
we  learn  that  this  oxidation  is  imperfect,  and  not 
thorougL     Lastly,  if  the  nitrites  abound,  we  conclude 
that  contamination  is  near  at  hand,  that  the  soil  is 
overdone  with  filth,  and  that  it  is  only  able  very  im- 
perfectly to  cleanse  the  water.     These  are  the  broad 
lessons  learnt  by  making  a  discrimination    between 
these  two  oxides  of  nitrogen.     There  are  certain  points 
to  remember  in  connection  with  this  subject  as  to  the 
power  of  certain  kinds  of  organic  matter  and  chemical 
substances  occurring  in  the  soil  to  reduce  nitrates  to 
nitrites  and  ammonia. 


K**^^*^^  NUrioAcid. 

Brudne  Ted. — ^Evaporate  2  c.  c.  of  the  water  to  b^ 
examined  in  a  small  Berlin  dish,  about  the  size  of  a^ 
watch  glass,  to  drjmess  over  a  spirit  lamp.  Add  on© 
drop  of  strong  pure  sulphuric  acid  to  the  saline  residue* 
Endeavour,  as  far  as  possible,  to  bring  the  drop  in  con- 
tact with  all  the  saline  residue  by  tilting  up  the  dish. 
Allow  the  smallest  crystal  of  brucine  to  fall  on  the 
drop.  If  nitric  acid  be  present  in  even  the  minutest 
quantity  the  drop  of  sulphuric  acid  will  become  pink, 
and  afterwards  of  a  yellow  colour.  The  late  Professor 
Parkes  says  :* — ^"  Half  a  grain  of  nitric  acid  per  gallon 

*  Pradieal  Hygiene,  4th  edition. 
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pm  a  marked  pink  and  yellow  zone."     "01  giain 
per  gallon  can  be  easily  detected." 

Professor  Sanders,  who  represents  to  some  extent 
Ae  opinions  of  Ids  German  fellow-countrymen,  con- 
sdeis  *  that  a  water  to  be  deemed  pure  should  contain 
BO  appreciable  amount  of  Kitric  acid. 

Nitrous  Acid.  v 

A 

Potassium  Iodide  and  Starch  Test. — Boil  a  little 
powdered  starch  in  distilled  water  bo  as  to  fonii  a  thin 
Klation.  Place  a  little  of  the  water  to  be  examined 
in  a  test  tube,  and  add  about  5  minims  of  a  solution 
of  potassium  iodide,  free  from  iodate  (5  grains  to  1 
ounce  of  distilled  water),  and  a  little  of  the  cold  starch 
ulntioiL  Pour  into  the  mixture  a  few  drops  of  pure 
mlphuric  acid.  If  the  water  contains  nitrous  acid  or 
nitritea,  a  blue  colour  will  be  produced,  in  depth  of  tint 
proportioned  to  the  amount  present. 

Ptrmanganaie  of  Potash,  as  described  on  pages  Z'i 
*Dd34. 

*  Eiaviiueii  der  Ifffmtiiehen    Otwundlieit^JUgi.    Leipaig  :    HinaL 
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CHAPTER  rv. 

THE  DETERMINATION  OF  TBE  AMOUKT  0?  SOLID  RBSIDCE, 
ITS  APPEAKANCE  BEFORE,  D0RING,  AND  AFTER  IGSI- 
TION,  A2)D  THE  LOSS  OF  VOLATILE  MATTERS  THIBIBT 
OCCASIONED. 

A.  The  AmouDt  of  Solid  Besidue. 

B.  The  Appearance   of  the   Solid  Residue  BefoiCi 

During,  and  After  Ignition. 

C.  The  Amount  of  Volatile  Matters  burnt  off  l>3 

IguitioD. 

A.  The  Amount  of  Solid  Sesidue  or  Saline  Matter'^ 
which  have  been  improperly  called  by  some  "  soli* 
impurities."  Dr.  Frajikland,  who  was  the  originate^' 
of  this  unfortunate  term,  defends  ita  use  by  stating 
that  the  solid  matters  in  water  are  "  quite  useless." 
He  must  be  a  bold  man  to  make  such  an  assertioa 
unsupported  as  it  is  by  any  trustworthy  evidence 
He  adds,  "  A  very  laige  proportion  of  the  potable 
water  suppUed  to  towns  is  employed  for  washing  and 
manufacturing  purposes,  and  here  the  presence  of  a 
large  amount  of  solid  matter  giving  hardness  to  the 
water  is  undoubtedly  injurious."*  This  sentence  must 
not  lead  to  the  inference  that  waters  characterised  by 
an  excess  of  salts  are  always  hard.  Strongly  saline 
waters  are  often  very  soft,  as  for  example  the  waters  of 
*  Siven  Pollutwn  CommiMian,  Sixth.  Report,  page  5. 
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maof  artesian  wells.  Highly  saline  and  haid  waters 
ire  admitted  on  all  hands  to  be  extremely  undesirable 
u  snpplies  to  towns,  and  are  especially  objected  to  for 
vuhiiig  and  business  purposes.  The  excess  of  salts  in 
mch  cases  may  perhaps  be  termed  impurities,  but  it  is 
lidjculous  to  speak  of  the  small  quantities  of  saline 
mattera  in  the  purest  (organically)  spring  waters  as 
impurities! 

To  estimate  the  amount  of  solid  residue  at  212°  F. 
poceed  thus  : — 

Weigh  an  empty  platinum  dish  of  1 00  c,  c.  capacity, 
plue  it  over  a  water-bath,  and  pour  into  it  25  a  c.  of 
tlie  water  to  be  examined.  Evaporate  to  dryness. 
Agiin  weigh  the  dish  promptly  to  avoid  the  error  from 
deliquescence  of  salts. 


.^^7 


k  Flitlnnm  I>1sh. 

>.  UmKh  '-onUloing  Wkt*r. 

c>  TrtpocL  StaocL  r.  inici 
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Dish 
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llilck  Mt  dT  P*P«r  bttwen  Dlili 
tnd  viJ^  or  Bok?r,  to  permLt 
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As  25  c.  ('.  are  a  quarter  of  100  c.  c,  multiply  the 
result  by  4,  and  then,  to  arrive  at  the  number  of  grains 
per  gallon,  multiply  by  •?  thus  : — 

•008 


4 


32 
•7 


22*4 

The  water  contains  22*4  grains  per  gallon. 

It  was  formerly  the  practice  to  evaporate  100  c.  c 
or  70  c.  c.  of  the  water  to  dryness.     If  70  c.  c  i^ 
selected,  the  result  exactly  represents  the  number  a^ 
grains  per  gallon.     Time   is  however   saved    in  th^ 
analyses   of  several  waters  by  employing  a  smallei^ 
quantity  of  water.     The  objection  has  been  raised  thai> 
the  experimental  error,  inseparable  from  all  analyticaX 
operations,  would  faU  rather  heavily  on  such  a  smalX 
quantity  as   25  c.  c.     I  have  foimd,  without   taking 
any  extra  care,  a  variation  of  1  grain  per  gallon  in  the  re^ 
suits  obtained  by  taking  the  large  and  the  small  amount, 
a  difference  of  not  the  slightest  practical  importance. 
It  is  quite  immaterial,  from  a  sanitary  point  of  view, 
whether  our  drinking  water  contains   22*4   or   23*4 
grains  of  saline  matters  per  gallon. 

Physicians  well  know  that  a  water  in  which  a  mode- 
rate quantity  of  salts  is  dissolved  (medicinal  waters  ad- 
ministered with  a  specific  object,  and  for  a  limited 
period  only,  are  of  course  excluded  from  consideration)  is 
better  than  one  possessing  an  excess ;  for  the  constant 
mattowin  imbibition  of  fluids  strongly  impregnated  with  saline 
substances  tends  to  diminish  the  richness  of  the  blood, 
and  to  render  some  people  anaemic.      Although  the 
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vateis  bom  the  artesian  wells  in  Essex  contain,  as  a 
rale,  a  very  minut«  proportion  of  organic  matter,  yet 
they  hold  in  solution  a  large  quantity  of  salta,  derived 
from  sand  beds  beneath,  and  sometimes  alternating  with 
fHiBta  of  the  London  clay.  These  waters,  associated  as 
Ihey  are  with  so  large  a  quantity  of  saline  mattere, 
cannot  be  considered  so  wholesome  as  land  springs, 
eijiially  free  from  a  deleterious  amount  of  organic 
matter.  I  have  often  seen  the  ill  effects  of  the  con- 
tinued empIojTnent  of  waters  rich  in  saline  matters. 
Some  well  waters  have  been  found  to  contain  an 
enormous  proportion  of  salts.  I  once  analj'sed  a  water 
from  an  artesian  well  which  held  in  solution  341 
grains  of  solids  in  each  gallon ;  and  have  examined 
ifaters  exhibiting  the  large  amounts  of  485  grains. 
»Bd  even  795  grains  per  gallon.  Sea  water  is  stated 
to  have  2400  and  2700  grains  per  gallon  of  solids. 

Spring  water  of  the  best  quality  usually  contains 
about  14,  17,  18,  or  19  grains  per  gallon  of  sohd 
residue.  A  water  should  not  possess  more  than  30  or 
40  grains  per  gallon  of  solids ;  but  watei-s  holding  a 
larger  anioiuit  (li^rJulvcd  in  tlii-in  are  in  certiiin  cases 
permissible,  if  the  salts  are  quite  harmless.  It  is  gene- 
rally found,  according  to  my  experience,  that  when  a 
Water  contains  much  more  than  110  or  120  grains  of 
saline  matters  per  gallon,  the  pubUc  will  complain  of  it 
18  brackbb  or  hard,  and  refrain  from  employing  it  con- 
tJBUoualy,  unless  obliged  so  to  do. 

B,   The  Appearajice  of  the  Solid  Residue  Before, 

During,  and  After  IffnUvm. 
Much  may  be  learnt  as  to  the  character  of  a  wat«r  Th«  e* 
by  observing  the  solid  residue  obtained  by  the  evapora- 


during,  and  after  its  incineration  at  a  dull  red  heat ;  and 
very  little  knowledge  is  to  be  acquired  by  the  estima- 
tion of  the  loss  on  burning  the  same. 

After  the  calculation  of  the  amount  of  solids,  the 
appearance  of  the  residue  is   carefully  observed  and 
noted.     The  platinum  dish  is  then  placed  on  the  pipe 
triangle,  which  rests  on  the  tripod  stand.     The  smallest 
sized  Bunsen's  burner  should  be  lighted,  and  held  Id? 
its  foot  in  the  hand.     The  flame  should  be  allowed   to 
play  gently  to  and  fro  around  the  bottom  and  sides    of 
the  dish,  so  as  to  raise  aU  its  contents  in  turn  to  a  ^W/ 
red  heat.    Heat  may  be  conveniently  applied  in  a  manner 
equally  gradual  and  gentle  by  holding  the  platinum  dish 
with  a  pair  of  laboratory  tongs  or  pincers  over  the  flarCi.e. 

It  will  be  foamd  that — 

1.  In  cases  where  a  water  is  practically  free  frcp^ 
any  organic  matter,  and  the  solids  are  principally  ]isX^^ 
salts,  there  will  be  no  discoloration  of  the  residue  Acm^ 
ing  ignition.  The  residue  wiU  become  whiter,  until  ^^ 
length  it  assumes  a  clean  peariy-white  appearance. 

2.  In  cases  where  the  organic  matter  is  small  i^ 
amount,  there  is  a  slight  brownish  discoloration,  which 
is  very  fleeting,  and  passes  like  a  smoky  cloud  away  bB 
the  ignition  proceeds,  leaving  the  residue  of  a  dirty 
white  or  neutral  colour. 

3.  When  the  organic  matter  is  in  still  larger  amount 
(especially  if  it  be  vegetable)  the  residue  blackens  in 
patches  or  waves.  The  colour  is  more  persistent ;  and, 
to  dissipate  it,  the  flame  of  the  Bunsen's  burner  has  to 
be  steadily  directed  beneath  the  blackened  places. 

4.  When  the  organic  matter  is  excessive,  the  whole 
of  the  residue  blackens  rapidly,  even  in  the  upright 
sides  of  the  dish,  evolving  a  smeU  of  burnt  feathers 
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when  of  ammal  origin.  The  colour  is  extremely  per- 
nstenti  and  in  some  caaes  it  is  very  difficult,  if  not  im- 
possible, to  dispel  it  by  the  application  of  a  dull  red  heat. 

The  residues  of  very  bad  waters  will  sometimes  defla- 
grate. The  tiny  sparks  visible  are  due  to  the  presence 
of  nitrates  in  excess.  An  iodized  starch-paper,  errone- 
ously called  an  "  ozone  teat,"  is  held  over  the  diah  by 
some  during  the  ignition  to  detect  any  nitroua  acid  that 
may  be  given  off.  Eed  fumes  are  sometimes  evolved 
when  these  oxidised  compounds  of  nitrogen  are  large. 

The  employment  of  the  olfactory  nerves  may  also 
aid  03.  The  smell  of  burnt  hair  or  horn  produced  by 
the  destruction  of  the  organic  matter  is  often  observed. 
The  development  of  a  strong  empyreumatic  odour  is 
suggestive  of  a  bad  water. 

The  smell  of  sulphurous  acid  is  not  uncommon,  in- 
dicating the  presence  of  sulphur  compounds.  The 
residae  of  a  very  bad  water  will  sometimes  emit  an 
offensive  smell  on  incineration. 

The  observations  of  Dr.  Shea  of  Keading  on  water 
ffsidues  agree  closely  with  my  own.  The  late  Prof. 
Parkes  has  laid  down  the  following  rules  for  the  guid- 
ance of  the  analyst,  on  which  I  could  not  place  much 
reliance: — 

"Three  grains  per  gallon  of  either  vegetable  or 
Koitnal  organic  matter  cause  some  blackening ;  six 
grains  per  gallon,  a  good  deal ;  and  ten  grains  per 
gallon,  a  great  amount." 

The  following  analyses  are  not  selected  for  the  pur- 
pose of  confirming  or  verifying  the  accuracy  of  the 
foregoing  attempt  at  rules  for  guidance,  but  are  taken 
indiscriminately  from  my  note-book.  Instead  of  being 
illustrative  and  typical,  they  would  seem  to  exhibit 
gome  variations. 
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C.  The  Amount  of  Volatile  matters  burnt  off  by 

Ignition. 

Volatile  The  amount  of  organic  matter  was  formerly  cal- 

culated by  burning  the  dried  solids  and  noting  the  loss 
— a  most  fallacious  estimate, — for  the  water  of  crystal- 
lization is  driven  off,  carbonates  are  decomposed,  nitrates 
and  nitrites  disappear,  and  even  chlorides  if  the  residue 
is  strongly  ignited.  This  "  loss  on  ignition  "  has  ac- 
cordingly been  spoken  of  as  "  substances  driven  off  by 
heat" 

Speaking  generally,  impure  waters  may  be  said  to 
lose  much  by  incineration,  but  this  statement  cannot 
safely  be  regarded  as  an  established  rule,  because  the 
exceptions  to  it  are  so  numerous.  Mr.  Allen  has  ex- 
pressed the  opinion  that  in  a  good  water  the  loss  on 
ignition  is  rarely  more  than  one-fifth  of  the  total  solids 
in  weight. 

Dr.  Shea,  who  has  had  some  experience  with  silica 
residues,  states  that  such  residues  retain  water  very 
persistently,  and  only  lose  it  on  strong  ignition ;  and 
that  an  impure  water  of  this  class  which  he  encountered 
lost  55  grains  out  of  129  grains  of  solids  jyer  gallon. 

I  have  known  good  chalk  waters  lose  12  and  14 
grains  per  gallon  on  ignition  of  the  solid  residue. 

If  the  medical  officer  of  health  should  decide  to 
ascertain  the  amount  of  "  substances  driven  off  by  heat," 
he  should,  when  he  takes  the  solid  residue,  evaporate 
70  c.  c.  instead  of  25  c.  c.  of  the  water  to  dryness,  un- 
less he  possesses  a  first-rate  balance,  otherwise  small 
differences  cannot  be  measured. 

If  the  health  officer  thinks  it  requisite  to  estimate 
quantitatively  the  amoimt  of  nitrogen  as  nitrates  and 
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nilriles,  the  proportion  of  fl<Jid  residue,  the  quantity  of 
volatile  aubstaoces,  and  to  note  the  appearances  of  the 
Ksidae  before,  durii^,  and  after  the  application  of  a  dull 
ttd  heat,  it  wiD  be  found  most  convenient  to  employ  a 
wterbath,  similar  to  that  used  for  evaporating  milk  to 
^m,  but  provided  with  larger  holes,  one  to  hold  the 
Berlin  evaporating  dish,  and  the  smaller  to  support  the 
platinum  dish. 


Plj,  •.—A  Copper  W»t«r  Bitli. 
nponting  dLih.    B,  Hole  for  plkttaiun 

D,  Apertan  of  lAfPt;  tvhe. 
at  B  ■mall  pl»c<     ' 


C.  Tripod  (tiuid. 


M  to  permit  of  the  eicape  of  ateuo. 

Dr.  F.  de  Chaumont  makes  the  following  entry  in 
liis  hygienic  classification  of  waters  : — * 

TmOrtok-         2.  UiMe.  S.  Sytpietotu. 

|Il£iL  Sollriimiiji bUcken  Ifnch"  bluke 

on    iDdi  ----- 


"gill^" 


*  Parkes'  Ily^Uni.     Fifth  Edition. 
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CHAPTEE  V. 


THE  DETERMINATION  OF  THE  AMOUNT  OF  CHLORINE. 
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The  estimation  of  the  amount  of  chlorine  in  a  water 
is  in  some  circumstances  worth  little  in  itself,  unless  w© 
know  the  amount  of  organic  matter  contained  in  it. 
The  determination  of  the  amount  of  chlorine  in  the 
water  of  a  district,  where  an  excess  of  chlorine  does  not 
occur  in  all  waters,  is  an  indirect  guide  as  to  whether 
or  not  the  water  is  contaminated  with  sewage.  Urine 
and  sewage  possess  a  large  amoomt  of  chlorides.  The 
presence  of  5  or  10  grains  of  chlorine  per  gallon  in 
a  water  is  a  suspicious  circumstance  in  such  localities. 
Good  natural  waters  contain,  on  an  average,  from  '7  to 
1*2  grains  per  gallon- 

Waters  from  the  greensand  formation,  and  from 
the  London  clay,  have  generally  an  excess  of  chlorine, 
derived  from  the  chloride  of  sodium  and  other  salts 
of  chlorine  in  the  sand.  The  waters  of  Essex,  which 
come  from  layers  of  sea-sand  and  clay  enclosing  marine 
fossils,  possess  as  a  rule  a  great  deal  of  chlorine.  One 
artesian  water,  wliich  I  examined  recently  in  this  coimty, 
contained  as  much  as  103*6  grains  per  gallon. 

A  medical  officer  of  health,  whose  work  is  situated 
in  a  district  where  waters  exliibit  an  excess,  should 
ascertain,  by  making  a  number  of  examinations  for 
chlorine,  the  average  amoimt  of  it  in  waters  from  weUs 
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of  different  depths.  If  a  sample  of  water  holds  in 
solutiott  an  amount  of  chlorine  below  the  average  in 
the  district,  the  probahility  is  that  there  is  no  sew^e 
Mnlamination,  If,  on  the  other  hand,  an  excess  of 
chlorine  is  accompanied  by  an  excess  of  alhuminoid 
snmionia  and  ammonia,  pollution  with  sewage  is  almost 
eertain.  If  sulphates  were  found  to  be  in  very  small 
quantities,  the  excess  of  chlorine  would  he  shown  to  be 
not  due  to  a  pollution  by  urine,  for  this  excretion  con- 
tains ti  large  amount  of  sulphur  salts.  The  amount  of 
chlorine  is  also  a  guide  as  to  the  quantity  of  the  salts 
of  sodium,  potassium,  and  magnesium  in  a  water. 

Let  it  always  I>o  ronieuitierfil,  tlii-n,  IJiat,  in  all  cases, 
the  estimation  of  the  amount  of  chlorine  and  of  am- 
monia must,  to  possp^ss  any  value  as  a  guide  to  the  pol- 
ktion  or  otherwise  of  a  water,  be  taken  in  conjunction 
irith  the  quantity  of  oi^anic  matter,  and  in  doubtful 
cases,  with  the  amount  of  the  nitrates  and  nitrites. 

To  estimate  the  proportion  of  chlorine  in  a  water, 
proceed  thus : — Place  70  c  c.  of  water  to  be  examined 
in  an  evaporating  dish,  and  add  a  minute  morsel  of 
chromate  of  potash  (pure).  Then,  by  means  of  a 
I»pette,  graduated  to  -^th  of  a  cub.  cent.,  and  filled 
with  5  cub.  cent  of  the  eolutioD  of  nitrate  of  silver 
{vide  recipe  on  page  175),  this  standard  should  he 
allowed  to  drop  into  it  until  the  red  colour  produced 
ceases  to  disappear.  Directly  the  red  tint  becomes 
penaaneat,  note  the  amount  of  nitrate  of  silver  solutioD 
necessary  to  attain  this  point.  Run  a  little  more  nitrate 
of  silver  into  the  water,  to  be  sure  that  the  water  is  not 
acid,  for  chromate  of  silver  is  soluble  in  acids. 

I  believe  the  existence  of  a  free  acid  (non-gaseous) 
in  a  water  to  he  rare,  for  only  on  one  occasion  have  I 
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found  the  chlorine  test  interfered  with  in  this  way.  In 
this  solitary  instance  a  minute  quantity  of  potash  was 
introduced  to  neutralize  the  acid,  and  the  fresh  sample 
of  70  c.  c.  thus  treated  was  operated  on.  The  number 
of  cub.  cent  of  the  nitrate  of  silver  solution  employed 
will  represent  the  number  of  grains  of  chlorine  per 
gallon. 

A  very  interesting  case  has  been  recorded  *  by  Dr. 
F.  de  Chaumont,  showing  the  value  of  the  chlorine  test 
in  cases  where  a  water  has  been  vitiated  by  sewage 
gases.  The  water  of  a  house  in  London  where  typhoid 
fever  had  appeared  was  foomd  to  contain  a  large  excess 
Deteotion  of  of  "  albuminoid  ammonia,"  and  but  a  small  amount  of 
Mww^  ^  chlorine.  A  sample  from  the  reservoir  of  the  company 
that  supplied  this  house  was  analysed,  and  found  to 
possess  an  almost  identical  quantity  of  chlorine,  but  an 
extremely  small  proportion  of  "  albuminoid  aromonia," 
It  was  ascertained  that  the  water  used  in  the  house 
was  derived  from  a  cistern,  and  that  it  was  vitiated  by 
the  poisonous  gases  ascending  through  its  overflow  pipe 
from  the  sewer.  On  disconnecting  the  overflow  pipe 
the  amount  of  "  albuminoid  ammonia  "  gradually  dimi- 
nished. The  discovery  of  an  excess  of  organic  matter, 
accompanied  by  a  very  small  amount  of  chlorine,  would 
tend  to  the  conclusion,  if  vegetable  contamination  i& 
out  of  the  question,  that  sewage  in  the  solid  or  liquid 
form  has  not  been  the  cause,  but  that  the  source  of 
impurity  is  probably  gaseous. 

•  Lectures  on  State  Medicine,  p.  77. 
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CHAPTER    VI. 

THE  DETEBMINATION  OF  THE  HABDKE88. 

The  decree  of  hardness  ia  a  matter  to  be  considered  iu 
pronouncing  on  the  wbolesomeness  of  a  water.  Good 
wiiters  average  between  3  or  4  degrees  and  13  or  14 
d^rees.  A  hard  water,  quite  free  from  any  pur^tive 
salt,  will  in  some  persons  protluce  for  a  time  dianlioea. 
Some  deep  artesian  wells  made  in  the  London  clay, 
extending  to  the  sand-beds  lying  underneath,  and  oeea- 
donally  to  the  chalk  below,  furnish  water  that  is 
excessively  soil,  from  the  presence  of  bicarbonate  of 
»da  that  replaces  the  bicarbonate  of  liiue  derived  from 
tbe  chalk.  The  deepest  clay  strata  have  doubtless  a 
softening  effect  on  the  waters  of  these  deep  wells  by 
Tirtue  of  the  precipitating  action  of  the  alumina  of  the 
clay  on  the  salts  held  iu  solution.  Pipe-day  mixed 
»ith  sea  water  ia  well  known  by  matiues  to  soften  it 
mi  increase  its  cleansing  properties. 

A  great  error  has  been  made  by  some  in  judging  of 
the  hardness  of  a  water  solely  by  the  amount  of  solid 
reaidiie  contained  in  it.  Mr.  Wynter  Blytb  writes,* — 
"  Ic  ia  obvious  that  the  soft  waters  have  a  small  solid 
residue ;  tbe  hard  a  large.  A  water  with  8  or  1 0 
graina  of  solid  residue  is  a  moderately  soft  water ;  tbe 
lake  waters,  with  from  2  to  3  grains  of  residue,  are 
eitremely  soft ;  whilst  those  with  50,  60,  10,  and  80 
*  Diet,  of  Hj/giene  and  PiMie  Health. 
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grains  of  saline  residue  must  be  hard;  so  that  any 
other  test,  except  taking  the  solid  residue,  is  really  super- 
fluous." It  is  perfectly  true  that  a  hard  water  wiE 
have  a  large  solid  residue,  but  it  is  quite  an  error  to 
state  that  a  water  possessing  a  large  solid  residue  will 
always  be  hard. 

Here  are  examples  of   organically  pure  and  sofl 
waters,  exhibiting  a  large  excess  of  solids  : — 


Solldt— Grains  per  Gallon. 

Total  Hardneai 

»— Degreei. 

A.  Steeple 

B.  Do 

C.  Maldon  .... 

98 

108 

84 

4i 

5 

4 

Seventy  cub.  cent,  of  the  water  to  be  examined  for 
hardness  should  be  placed  in  a  stoppered  bottle,  holding 
about  250  c.  c.  The  standard  soap  solution  is  dropped 
slowly,  by  means  of  a  pipette  graduated  to  -jj^yths  of  a 
cub.  cent.,  into  the  bottle,  which  is  frequently  shaken 
violently  to  note  the  amount  of  soap  solution  necessary 
to  create  a  persistent  lather.  The  stopper  of  the  bottle 
should  after  each  shaking  be  removed  for  an  instant  to 
allow  of  the  escape  of  the  carbonic  acid  gas  which  is 
Total,  evolved.  If  a  water  is  so  hard  that  the  addition  of  1 6  c  c 
of  soap  solution  does  not  produce  a  lather,  add  70  c.  c  o 
distilled  water,  and  mix.  Then  continue  the  addition  o 
the  soap  solution.  If  the  dropping  of  soap  solution  b 
proceeded  with  until  a  second  16  c.  c.  be  consume* 
without  the  formation  of  a  permanent  lather,  a  secon 
70  c.  c.  of  distilled  water  must  be  added.  Suppose 
for  example,  19  c.  c.  of  soap  solution  are  necessary : — 
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1!) 
DitliKt  lur  liariIiK'.>.s  of  each  70   c.  c.  of  JUlilled 
water  employed  ......        1 

Degrees  of  hardness  .....     18 

When  a  water  is  very  hard  it  is  desirable  to  decant 
the  contents  of  the  bottle  into  a  larger  one  of  the 
capacity  of  about  500  c.  c.  To  know  the  quantity  of 
carbonate  of  lime,  or  other  hardening  and  soap-destroy- 
ing ingredients  contained  in  the  water,  subtract  1  degree. 
The  water  just  cited  possesses  17  grains  of  carbonate  of 
lime,  or  salts  equivalent,  per  gallon.  If  a  water  is 
found  to  be  exceedingly  hard,  35  c.  c.  of  it  should  be 
placed  in  the  70  c  c.  flask,  and  the  measure  filled  up 
to  the  70  c.  c.  mark  with  distilled  water.  The  quantity 
of  soap  solution  required  to  form  a  lather  with  this 
mixture  must  necessarily  be  doubled  in  recording  the 
leralt 

Boil  a  sample  of  the  water  for  about  a  quarter  of  peimanent. 
an  hour  (some  boH  for  half-an-hour),  and  when  cold 
leplace  what  is  lost  as  steam  with  distilled  water.  Allow 
any  floating  particles  that  may  be  present  to  subside, 
and  examine  it  with  the  soap  test.  In  this  manner 
Had  permanent  hardness  is  obtained. 

The  diflTerence  between  the  permanent  and  the  total 
hardness  is  termed  the  temporary  hardness.  Temporary. 

The  carbonate  of  lime  waters,  such  as  are  employed 
by  large  populations  in  the  chalk  districts  on  the  south 
coast  of  England,  lose  most  of  their  hardness  by  boiling. 
When  the  hardness  of  a  water  is  mainly  due  to  the  presence 
of  the  sulphates  of  lime  and  magnesia  and  chloride  of 
calcium,  boiling  makes  but  little  difference.  There 
are  some  grounds  for  thinking  that,  whilst  the  former 
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class  of  waters  are  not  deleterioiis  to  health,  the  lati 
class  should  be  objected  to  if  the  hardness  is  excessi^ 
Dr.  Murray  of  Newcastle-on-Tyne  gives*  a  terrifying  d 
scription  of  the  evils  resulting  in  the  limestone  distri 
in  which  he  lives  from  the  supply  of  very  hard  wate: 

There  is  a  strong  feeling  in  the  medical  profession 
this,  and  especially  of  Continental  countries,  that  the 
is  a  connection  between  the  development  of  certain  «i 
culous  disorders,  goitre,  and  certain  forms  of  dyspepsi 
and  the  employment  of  hard  waters,  but  no  evideni 
exists  of  a  very  demonstrative  character  on  which  th 
belief  rests.  Certain  it  is  (1)  that  soft  waters  a 
superior  to  hard  for  domestic  and  manufacturing  pn 
poses ;  (2)  that  moderately  hard  waters  are  more  pala 
able  than  very  soft  waters ;  and  (3)  that  of  hard  wate; 
those  which  lose  much  are  preferable  to  those  whic 
lose  little  of  their  hardness  by  boiling. 

Independent  of  the  hygienic  aspect  of  the  questioi 
the  waste  of  money  and  labour  is  not  to  be  overlooke 
in  the  case  of  town  supplies.  Each  degree  of  hart 
ness  signifies  the  destruction  of  1 2  lbs.  of  the  best  hai 
soap  by  every  10,000  gallons  of  water.  If  soap  is  n( 
employed  to  soften  a  hard  water,  fuel  and  carbonate  < 
soda  are  expensive  substitutes. 


•  it 


On  the  Influence  of  Lime  and  Magnesia  in  Drinking  Water 
the  Production  of  Disease."    Brit.  Med.  Journal,  Sept.  28,  1872. 
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CHAPTEK   VII. 

THE  DETERMINATION  OF  THE  AMOUNT  OF  MAGNESIA, 
SULPHATES,  AND  PHOSPHATES. 

A.  Magnesia — Sulphate,  Carbonate,  and  Nitrate. 

B.  Sulphates   of  Lime,    Magnesia,     and     Soda    as 

Anhydrous  Sulphuric  Acid, 
a  Ph 


Salts  of  magnesia  and  sulphates  are  objectionable  in 
waters  if  in  excess.  A  good  water  does  not  possess 
more  than  traces  of  these  ingredients.  Their  estima- 
Ijoii  ia  sometimes  required  when  the  question  is  raised 
»  to  the  wholesomeness  of  a  suggested  new  water 
nipply,  or  as  to  the  comjiarative  merits  of  several 
•aters  from  which  it  ia  proposed  to  select  the  purest. 

It  cannot  be  otherwise  thim  a  matter  of  astonish- 
ment that  so  little  attention  has  been  paid  in  the  past 
to  the  influence  on  health  of  the  earthy  constituents  of 
Alters  that  do  not  come  under  the  designation  of 
mineral  waters.  Parisian  physicians,  although  living 
in  a  basin  of  sulphate  of  hme,  appear  to  be  totally 
ignorant  of  the  effects  of  this  substance  on  health.  A 
Bocicpable  feature  in  lit.  Frankland's  sanitary  analyses 
istli---  ronipli't.-  iil>s,'nru  nf  all  rvl\-n-n<:>.-  fa  tlit-  iimount 
(•f  sulphates  in  a  water.  And  yet  we  know  that  the 
presence  of  an  excess  of  sulphates  in  a  drinking  water 
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is  often  found  to  be  associated  with  obscure  forms  of 
dyspepsia,  with  obstinate  diarrhoea,  alternating  with 
constipation,  etc.  Selenitic  waters  injuriously  affect 
strangers  more  than  those  who  are  habituated  to  their 
use. 
Par^T*  Some  wells  furnish  water  so  purgative  as  to  pre- 

^**^        elude  the  possibility  of  employing  them  as  a  regular 
water  supply.    I  have  met  with  many  waters  of  this  kind 
in  Essex.    They  yield  sulphate  or  carbonate  of  magnesia. 
I  look  upon  them  in  this  county, — which  contains  ague, 
such  a  large  amount  of  liver  disorders,  hsemorrhoidal, 
and  other  malarial  affections, — ^as  mineral  waters  of 
some  value.     Holding  in  solution,  as  they  do,  not  only 
a  purgative  salt,  but  a  large  proportion  of  other  saline 
matters,  they  are  not  wholesome  waters  for  general  and 
constant  use.     In  localities  where  these  mineral  waters 
exist,  the  people  are,  for  the  most  part,  compelled  to 
drink  pond  water.     Malarial  affections  are  often  trace- 
able to  the  employment  of  pond  water  for  drinking 
purposes.     These  aperient  waters  may  be  regarded  as 
in  some  sense  the  remedy  to  counteract  the  effects  of 
the  poison,  for  they  are,  in  all  probability,  of  great  ser- 
vice in  congestion  of  the  liver  and  in  haemorrhoids,  by 
relaxing  the  portal  system  of  vessels. 

iiagnefUL  A.  Magnema — Sulphate,  Carbonate,  and  Nitrate. 

There  are  two  or  three  modes  of  making  approxi- 
mative calculations  as  to  the  amount  of  magnesia  in  ^ 
water,  all  being  similar  in  principle,  for  they  consist  ix^ 
precipitating  the  lime  with  oxalate  of  ammonia,  and 
then  estimating  the  remaining  hardness  with  the  soap 
test.     Boutron  and  Boudet  take  200  cub.  cent,  of  tb« 
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BOmple  of  'water  for  exaaunation,  and  add  to  it  the 
smalleet  qtunti^  of  a  clear  coDcentrated  solution  of 
oxalate  of  ammonia,  that  is  sufficient  to  throv  down  all 
the  lime,  and  then  they  allow  the  mixture  to  stand  for 
24  houis.  The  water  is  then  boiled  for  balf-an-hour, 
and  filtered,  the  Iobb  being  replaced  by  distilled  water. 
When  cool  the  hardness  is  determined  by  the  soap 
test,  and  the  number  of  degrees  are  multiplied  by  '14, 
to  bring  them  into  grains  per  gallon.  Wanklyn  adopts 
the  following  plan,*  which  is  more  rapid,  and  on  that 
account  is  preferable,  if  equally  accurate.  "  Powdered 
oialate  of  ammonia  is  added  to  the  water  in  the 
proportion  of  one  gramme  of  the  oxalate  to  one  litre  of 
the  water.  The  mixture  is  shaken  for  a  minute,  and 
filtered.  Having  convinced  oneself  of  the  absence  of 
isy  firee  acid  in  the  filtrate,  and  having  tested  it  with 
1  little  oxalate  to  make  sure  of  the  removal  of  the  lime, 
10  cub.  cent  of  the  filtrate  are  triturated  with  the  soap 
test  to  ascertain  its  hardness.  If  there  be  any  degree 
d  hardness  beyond  the  one  degree  required  by  pure 
*Bter,  magnesia  is  present.  Its  amount  may  be  colcu- 
Isted  by  multiplying  the  remainder,  after  the  deduction 
of  the  one  degree,  by  the  fraction  ^,  which  will  give  the 
qnantity  of  carbonate  of  magnesia  per  gallon  of  water." 

It  should  never  be  forgotten  that  a  certain  lapse  of 
time  is  required  for  the  production  of  the  magnesia 
liardness,  whilst  the  lime  hardness  is  instantly  observ- 
able, on  employing  the  soap  test. 

As  examples  of  the  amount  of  magnesia  in  potable 
waters,  the  following  analyses,  which  have  been  pub- 
lished by  Wanklyn  and  Playfair,  may  be  cited : — 

*  Op.  dt 


114       DETEBIOKATIOS  OP  AHOCVT  OF  UAOStSU, 


KoMdWitai. 

GnlmpwOtllda. 
CubowIcoribwiiBiU. 

Croydon  Wtia  . 

14 

9-46 

Thimea       .        . 

110 

Stw  BiTer  Compui;  . 

■ 

-76 

Kent  Company  . 

IM 

Bniton  Witer     . 
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B.  Anhydrous  Sulphuric  Acid  (SO,)  /rtwn  SulpkaU 
The  amount  of  these  salts  may  be  roughly  estima 
thus : — Acidulate  a  lai;ge  test  tuhe  full  of  the  watei 
be  examiued  with  two  or  three  drops  of  hydrochli 
acid,  and  then  add  a  small  quantity  of  a  solution 
chloride  of  barium.  If  there  is  a  precipitate, 
amount  of  sulphuric  acid  exceeds  one  grain  per  gal 
If  there  is  a  precipitate  after  standing,  there  is  at  li 
1-^  grain  per  gallon.  3  and  4  grains  per  gallon  { 
immediately  a  turbidity  differing  in  degree  accordinj 
the  presence  of  the  lesser  or  the  greater  amo 
Practice  with  waters  to  which  known  quantities 
sulphates  have  been  added  will  soon  euable  the  m 
cal  officer  of  health  to  form  rough  estimates.  W 
it  is  desirable  to  calculate  the  exact  amoimt  of  sulpb 
acid  as  sulphates,  it  is  conveniently  done  in  tlie  foil 
ing  manner : — Take  a  measured  quantity  of  the  w 
under  examination,  f.y.,  half  a  litre,  wliich  must  be  cl 
Kaise  it  to  the  boiling  point.  Acidify  it  with  hyi 
chloric  acid,  and  then  adil  a  ahglit  excess  of  a  solu 
of  chloride  of  barium.     Boil  again  and  filter.     Ig 
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Ibe  precipitate  and  weigh.  Miiltiply  the  precipitate 
bf '34305,  to  get  the  amount  of  Bulphuric  anhydride 
in  tbe  ^  litre.  Multiply  the  result  by  2  to  obtain  the 
quantity  pei  litre,  and  then  by  70,  which  will  fumiBh 
gtsins  per  gallon.  After  practice  it  will  be  found  eaey 
to  employ  a  smaller  quantity  of  water,  e.g.,  70  cub.  cent. 
which  will  yield  reeults  In  terms  of  grains  per  gallon 
without  any  calculation  beyond  the  multiplication  by 
■34305. 

The  method  which  I  practise  is  the  following : — 
Abont  10  c.  c.  of  a  strong  solution  of  chloride  of 
barium  ate  placed  in  a  beaker,  and  then  acidified  with 
a  few  drops  of  pure  hydrochloric  acid,  70  c.  c  of  the 
vater  to  be  examined  are  added,  and  the  contents  of 
the  beaker  are  boiled,  the  precipitate  being  allowed  to 
Kttle  for  two  hours.  Then  the  supernatant  liquid, 
ukI  finally  the  turbid  liquid  below,  are  filtered  off. 
The  very  best  Swedish  filter-paper  is  required,  other- 
vise  the  filter  will  not  remove  entirely  the  sulphate  of 
Wyta.  The  precipitate  may  be  thoroughly  detached 
from  the  sides  of  the  beaker  by  the  aid  of  the  feather 
of  a  quill  pen.  Wash  out  the  beaker  with  hot  distilled 
*ater.  The  washings  are  to  be  passed  through  the 
filter  nntil  the  fluid  that  drops  from  the  funnel  leaves 
iw  residue  when  evaporated  on  a  platinum  spatula  or 
foil  Allow  the  filter  to  drain,  and  dry  it  gently  by 
toapending  the  funnel  on  a  retort  ring  at  some  distance 
above  a  lighted  spirit  lamp.  Ignite  the  filter  in  a 
plrtinum  crucible  and  we^L  The  difference  between 
the  weight  of  the  empty  crucible,  and  the  weight  of 
the  crucible  and  its  contents  minus  the  weight  of  the 
*fih  of  filter,*  furnishes  a  number  of  milligrammes  that 

*  The  filler  should  be  weighed  bbfora  it  ii  used.    The  wh  \m  about 


116       DETEBlOHAIIOtl  OF  AHOUNT  OF  lUGNESU, 

lepreseat  grains  per  gallon  of  sulphate  of  baryta,  v 
ahould  be  recorded  in  terms  of  anbydroiis  sulpl 
acid,  «.y. — 

Ash  and  crucible  17*776 
Crucible         .     17-770 

■006                  233Y3200/-0013 
Deduct  weight  of                                   )  233  \ 
aah  of  filter     .      002  


Reudi, — Bather  more  than  1  milligramme,  or  1  '3  | 
anhydrous  sulphuric  acid  per  gallon. 

The  following  llat  will  afTord  some  idea  of 
remaricable  differences  exhibited  by  various  kind 
water  in  respect  to  the  amount  of  this  mineral  ii 
dient : — 

The  water  of  the  well  in  Hutton  is  avoided  bj 
occupants  of  the  cottages  to  which  it  belongs 
account  of  its  purgative  properties ;  whilst  that 
the  well  at  Mouutnessing  is  occasionally  used 
boiling.  Both  of  these  wells  are  shallow,  and 
situated  in  the  London  clay  formation. 

)  p«r  cent  the  weight  of  the  filter.     If,  for  example,  the  filter  i 
400  milligismmes,  the  weight  of  the  uh  will  be  2  milligmniiiBt. 


SULPHATES,  AND  PHOBFBATES. 


NuiiM  of  WaUm. 


Bolplnule 
Aold(BO^ 


ijiiag  in  Admiral'i  Psrk,  near  Chelmifoi 

Bmx  .... 

Spring  in  minit;  Lane,  Springfield,  Essex    . 
Spina  ■appljing  OroT«  Honas,  Qntt  Baddow, 


Smidcrluid  VKter 

Cn^donirateT 

Ik  Rhiae  at  Bonn 

Qtnta  well,  Curick-on-Snir 

Do.    river  do. 

Public  pump,  Vnteiford 
Fmnp  at  Umveraity  Clnb,  St  Stephen')  Qreen, 

Dublin  ..... 
Flooded  itream,  Holmfirth,  Yorksbira  Moon 
Criiilc  WaUrwork*  .... 
Witer  of  sUUow  well  in  Row  Valle;,  Brent- 


Witer  of  deep  well,  Stanwiz,  Carlisle 
Foontain  water  bom  High  Town,  near  Halt- 

■hiitle         ..... 
Water   from   pnnip  in  Rntherford'a    Conrt, 

Stanwiz,  Carlisle 
Pomp  in  yard,  Proapect  Place,  Stanwix 
The  water  ot  the  river  Ou«e,  near  York,  on 

September  lat,  187S 
Tbe  water  of  tlie  river  Onte,  new  York,  on 

September  Stb,  W6 
Water  from  ahallow  well  of  Je&rej'a  Endowed 

Behool,  Great  Baddow,  Essex 
Water  bom  well  at  Brentwood  Hall,  Brent- 


Water  from  HaldoD  Waterworks 

Water  from  well  at  Little  Burstead  . 

Water  &om  well  in  Honntuening 

Water  rrom  well  in  Hatton    . 

Water  tntn  well  at  Hntton  Bulway  Bridge 

i  Grand  Junction  . 
West  Middlesex  . 
Sonthwark  and  VanxhsJl 
Chelsea    . 
liBDibeth 

C«5^     NewRivM 
•^^  (  Em*  London 


17-78 
19-4 


IProp 

Jmpp 
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Of  the  Metropolitan  vaters,  that  of  the  Kent  Com- 
pany IB  objected  to  by  some  on  the  groond  of  the  excess 
of  sulphates.  As  much  as  &om  20  to  70  grains  of 
snlphatea  per  gallon  have  been  found  in  some  drinldng 
vateiB  in  Dublin  by  Dr.  Cameron. 

A  water  may  exhibit  a  large  amoont  of  magnesia 
and  but  a  vety  small  quantity  of  sulphates,  that 
alkaline  eaith  being  in  the  form  of  carbonate,  as  for 
example,  in  the  watets  of  the  dolomite  formation. 

I  have  examined  well  waters,  pure  as  to  oiganic 
matter,  containing  4^  ^ains  per  gallon  of  snlpboric 
acid  in  the  form  of  sulphate  of  lime,  but  have  not  felt 
warranted  in  publicly  expressing  disapproval  of  the  use 
of  such  waters  for  drinking  purposes.  If  samples  of 
water  were  brought  te  me  in  order  that  I  m^t  select 
t^e  best,  I  should  certainly  at  the  outset  place  a  water 
containing  this  amount  of  sulphates  out  of  competitdou. 

We  have  very  little  rehable  information  as  to  the 
effects  of  these  salte  in  drinking  water  on  the  health, 
but  that  they  must  have  a  very  decided  influence 
admits  of  no  doubt.  Can  it  be  a  matter  of  no  moment 
from  a  public  health  point  of  view  whether  people  are 
drinldng  water  containing  100  grains  per  gallon,  as  at 
Mountnessing,  or  5  of  a  grain  per  gallon,  as  at  Croydon, 
of  anhydrous  sulphuric  acid  Irom  sulphates  ? 

I  have  never  yet  seen  a  person  who  habitually 
employs  a  drinking  water  containing  a  large  amount  of 
sulphates  that  could  be  regarded  in  any  sense  by  a 
medical  eye  as  "  a  picture  of  health." 

Pfa«piiit<i.  0.  Plwephates. 

When  we  remember  the  important  r61e  played  in 
the  human  organism  by  phosphates,  and  in  how  many 
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^Ifetetit  fonos  they  occur  in  the  various  parts  of  the 
Indy,  it  is  a  matter  of  great  interest  to  study  the  re- 
lation between  the  use  of  wateis  emanating  from  phos- 
0tttic  strata,  and  the  condition  of  health  of  those  who 
empby  them.* 

The  presence  of  an  excess  of  phosphates  when  they 
cumot  thus  be  accounted  for  is  often  due  to  sewage 
imimigQation.  Tiemann  has  noticed  pbosjAates  in 
large  quantity  in  the  water  derived  from  marshy 
meadows. 

Mr.  Wanklyu  states,t  that  "  much  nonsense  has 
been  talked  about  phosphates  in  drinking  water." 
"Cubonate  of  lime  and  phosphates  are  incompatible 
indtinking  water."  Dr.  Dupr^  has  recently  affirmed 
that  he  never  examined  a  water  in  which  he  could  not 
<kect  phosphoric  acid.  In  Professor  Eubel's  Treatise 
M  Water  Arudysia,  edited  by  Dr.  Tiemann,  ia  to  be 
fonnd  the  following  description  of  the  most  approved 
mode  of  testing  for  phosphoric  acid :  "  Boil  the  water ; 
lb  precipitate  contains  the  phosphates ;  dissolve  this 
piedpitate  in  hydrochloric  acid ;  evaporate  to  dryness, 
snd  heat  for  a  short  time  a  little  over  212°  Fahr, 
Then  dissolve  in  a  little  hydrochloric  acid  and  water, 
fills',  and  add  filtrate  to  a  slightly  warm  clear  solution 

*  Itoni.  Joly,  in  an  mteresting  paper  to  one  of  th«  PoriiUii  «ciea- 

^  Mdetua,  «aj8  that  Che  importance  of  tbe  phosphates  in  the 
Uinil  econoni;'  ma;  be  mcunred  hj  the  fact  that  five  diSerent  phoa- 
flutci  tra  fonnd  in  the  bod; :  in  the  red  blood  corpnscles,  phoaphata 
of  inm ;  in  tbe  liqoor  sanguinia,  phoiphate  of  soda ;  in  the  nerrouB 
*J»im,  phosphate  nf  potash  ;  in  the  moscles,  phosphate  of  magnesia  ; 
•nl  in  the  bones,  phosphate  of  lime.  Ia  each  caaa  the  phosphoric 
•cU  hlfila  Yerj  different  faoctioua,  according  to  the  bases  with  which 
itiiimted. 
tOp^ciL 


120  DETEBMIHATIOK  OF  AHOUHT  OP  HAGHX8IA,  VTC 

of  ammoniam  moljbdate  and  nitric  add,  when  a  jeB* 
colour  and  precipitate  occur."  The  nibic  acid  employ 
shottld  be  of  the  greatest  purity,  and  free  from  i 
colour.  If  the  phoephatee  are  in  very  small  propc 
tion,  the  water  should  be  concentrated  by  evaporati< 
previooB  to  the  analysis. 


DRBBHINATION  OF  POISONOUS  METALS. 


CHAPTER  VIII. 

THE  DETERMEfATION  OF  POISONOUS  METAI& 

'he  poisonous  metala  which  we,  as  water  analTsta, 
eed  alooe  consider  are  lead  and  copper.  The 
ccnrrence  of  arsenic,  barium,  etc.,  in  drinking  water, 
>  so  rare,  as  to  hardly  merit  the  attention  of  the  health 
fficer. 

Lead  and  copper  are  usually  the  poisonous  metals, 
specially  the  former,  with  which  waters  are  liable  to 
«  contaminated.  A  water  sometimes  contains  iron, 
'liich  is  of  course  iindesirable  in  aU  cases,  except  for 
ledicinal  purposes,  and  huitful  in  some. 

Place  70  c.  c.  of  water  to  be  examined  in  a  porcelain 
ish,  and  stir  it  with  a  glass  rod  moistened  with  sul- 
huiet  of  ammonium.  Note  whether  or  not  there  be 
ny  coloration.  If  so,  it  may  be  owing  to  a  Bulphuret 
f  iron  or  lead,  or  of  coppCT.  If,  on  adding  two  or 
tiree  drops  of  hydrochloric  acid,  the  brown  colour  dis- 
ppears  or  diminishes,  iron  is  present,  for  the  hydro- 
Uoric  acid  dissolves  the  sulphuiet  of  irorL  If,  on  the 
ther  hand,  the  colour  does  not  vanish  or  diminish  on 
his  addition,  lead  or  copper  is  present.  It  matters 
lot  which,  for  both  are  equally  injurious.  Wanklyn 
frit«s :  "  If  there  be  coloration,"  on  introducing  the  sul- 
'liuret  of  ammonium,  "  it  should  only  be  just  visible, 
ad  on  adding  two  or  three  drops  of  hydrochloric  acid, 
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it  ought  to  vanish  absolntdy."     Water  which  answcn 
to  this  test  in  a  satisfactory  manner  is  registered  as 
sufficiently   free   from   poisonous    metals,    and   water 
which  does  not,  is  to  be  condemned  as  containinated 
with  metallic  impurity.     If  the  quantity  of  either  of 
these  metals  in  a  water  be  required,  it  is  necessary  to 
employ  standard  solutions,  containing  one  milligraimne 
of  each  metal  in  each  cub.  cent  of  its  solution  (made 
by  dissolving  1*66,  3*93,  and  4*96  grammes  of  crystal- 
lized acetate  of  lead,  or  sulphate  of  copper  or  proto- 
sulphate  of  iron  in  a  litre  of  distilled  water) ;  and,  if 
we  desire  to  ascertain  whether  lead  or  copper  be  pie- 
sent,  it  is  needful  to  operate  on  a  larger  quantity  of 
water,  and  to  work  according  to  the  directions  in  that 
distinguished  chemist's  exhaustive   treatise  on  water 
analysis. 

The   above   simple   mode    of  testing   for   poison- 
ous  metals   is   sufficient  for   the   medical  officer  of 
health,  for  it  enables  him  to  say  that  a  water  contains 
less  than  i\jth  grain  of  lead  or  copper  per  gallon,  aa 
amount  which  should  condemn  a  drinking  water.   Water 
is  considered  to  be  admissible  for  domestic  purposes  if 
containing  \  grain  of  iron  per  gallon,  but  the  presence 
of  one  grain  of  this  metal  per  gallon  is  deemed  to  be 
sufficient  to  justify  its  rejection. 

Medical  literature  teems  with  instances  of  poisot^' 
ing  by  lead  and  copper.  It  is  curious  to  note  th® 
timidity  with  which  Cornish  miners  look  upon  wat^^ 
issuing  from  strata  known  to  contain  metals,  and  ho^ 
they  altogether  ignore  the  risk  of  drinking  water  cotJ' 
taminated  with  filth  of  the  filthiest  description. 
fflMwid  The  action  of  different  kinds  of  water  on  lead  fon^^ 

!u  iMden     &  vcry  large  subject,  which  cannot  here  be  even  brie^T 


MTBtUnSATIOlT  OF  POISOKODS  METAIA 


123 


tdrerted  to.  My  experience  teaches  me  the  wisdom 
tnd  expediency  of  recommeiidii^  a  strict  avoidaDce  for 
diiiikiiig  purposes  of  all  water  that  has  been  stored  in- 
leaden  cisterns,  or  has  otherwise  rested  for  some  time 
in  contact  with  lead,  until  we  possess  data  of  &  less 
contradictory  and  more  definite  description  than  at 
pKsent  Bs  to  the  influence  of  Tarious  kinds  of  water 
under  different  circumstances  ou  this  metal 
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CHAPTEE  IX. 

UICBOBCOPIC  EZAHZNATTOK  OF  THE  SBDOEKT  0? 
A  WATER. 

The  best  and  most  simple  mode  of  examming  the  de- 
posit from  any  sample  of  water  is,  fiist,  to  allow  eus- 
pended  matters  to  subside  in  tbe  sample  bottle ;  and 
secondly,  to  decant  the  greater  part  of  the  water,  and 
pour  that  at  the  bottom  of  tiie  bottle  containing  the 
sediment  into  a  conical  glass.  After  subsidence  a 
drop  of  the  water  containing  tbe  depoeit  maj  be 
removed  by  means  of  a  pipette  to  the  cell  of  a  micn>- 
scope  slide  and  be  allowed  to  evaporate,  or  the  drop 
may  be  immediately  covered  with  a  thin  glass,  the 
excess  being  removed  with  blotting-paper,  and  examined. 
If  a  water  possesses  much  turbidity  this  transfer  to  a 
conical  glass  is  of  course  unnecessary.  If  the  amount 
of  sediment  procured  in  this  way  is  practically  nil,  tbe 
greater  part;  of  the  water  in  the  conical  ^ass  shoold  be 
poured  away,  and  that  remaining  in  the  angle  of  the 
cone  should  be  tmnsferred  to  a  burette  similar  to,  but  of 
much  larger  diameter  than  that  depicted  in  Fig.  3. 
After  subsidence  the  solid  bodies  may  easily  be  removed 
in  single  drops  of  fioid  on  to  microscope  slides.  For 
work  of  a  special  kind  immersion  lenses  and  a  polari- 
scope  are  desirable,  but  for  all  ordinary  practic^  pur- 
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pOMB  tlie  luuTersaUy  employed  half-inch  and  quartei> 
iikch  are  sufficient 

The  microscopic  examination  of  the  floating  particles 


■otnetinies  seen  in  water,  m]l  often  afford  valuable  in- 
fimnatioa  concerning  it,  where  there  is  any  doubt  aa  to 
its  quaUty,  Mineral  grit^  mattere,*  ailt  of  clay,  and  ^^^^ 
■■ndy  particles,  may  be  ihe  cause  of  petsistent  and 
viuccountable  diatrhoea,  which  medicines  will  only  tem- 
ponrily  relieve.  New  comers  to  a  place  where  such 
TUer  IB  uaed  often  suffer.  Those  who  drink  such 
vates  long  become  generally  unaffected  by  these 
intestinal  initant&  Chalky  particles  are  dissipated 
1?  adds,  whilst  the  other  mineral  matters  apt  to  occur 
in  drinking  watera  are  unaffected  thereby. 

*  The  monnUln  dyMnterj  preralent  in  certain  distnds  in  India 
Ih  bean  ihown  to  be  doe  to  tlie  anplc^ment  of  drinking  water  con- 
ttinii^  in  raqieniioa  ndniite  partiolM  of  mka. 
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The  existence  of  amniHl  life  in  a  water  afforda  good 
evidence  in  itself  of  the  presence  of  a  very  sensible 
amount  of  organic  matter,  alias  filth,  whether  it  be  the 
infusorial  beings  seen  in  the  fairly  pure  waters  supplied 
by  the  majority  of  the  London  companies,  with  an 
average  of  about  08  milligramme  of  albuminoid  am- 
monia per  litre,  or  the  various  bumble  animal  oi^ganisms 
of  pond  water,  with  its  '38  milligramme  of  alb.  ammonia 
per  litre.  Theae  little  creatures  feed  and  flourish  on 
what  we  call  organic  mattu*,  and  in  perfectly  pnre 
water  they  cannot  live. 

The  kind  of  animal  and  vegetable  life  seen  in  water 
gives  a  certain  clue  to  the  description  of  wat«r  we  aia 
examining.  Speaking  generally,  the  infusorise,  the 
confervie,  and  vorticeihe,  are  the  inhabitants  of  the 
least  pure  of  spring  waters;  entomostracse  or  water  fleas 
are  seen  in  spring  ponds,  lochs,  and  impounded  wateiB ; 
euplota  and  fungoid  growths,  etc  etc,  aboimd  in  pond 
and  ditch  waters,  and  in  well  water  polluted  with  filth ; 
whilst  bacteria  and  paramecia  and  spirilla  ere  pro- 
minent in  sewt^-polluted  water.  There  is  no  evi- 
dence to  show  that  the  lowest  forms  of  life,  such  as  the 
fungoid  and  bacteroid,  are  in  themselves  hurtful  if 
taken  into  the  system,  but  it  is  highly  probable  that 
the  poisons  of  several  of  the  zymotic  diseases  find  a 
congenial  soil  amongst  such  organisms,  which  act  as 
carriers,  to  wliich  they  attach  themselves,  and  amongst 
which  they  multiply. 

Dr.  Fmnkland  and  his  followers  regard  the  presence 
of  anything  like  a  moving  organism  in  a  water  as  a 
danger-signal,  for  the  reason  tliat,  if  the  poisons  of  such 
diseases  as  cholera  and  typhoid  fever  attach  themselves 
to  particles  of  organic  matter,  and  can  operate  in  in- 
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oonceiTsbly  minnte  quantities,  as  is  generall;'  believed, 
there  is  a  posaibility  of  the  disease  ferment  or  genu  of 
such  maladies  accompanying  elementary  forms  of  life. 
Di.  'iiSiB  of  Glasgow,  following  Dr.  Frankland's  example 
as  to  the  metropolitan  waters,  frequently  refers  in  his 
public  reports  to  the  presence  of  living  organisms  in  the 
vatet  of  Loch  Katrine  as  detracting  from  its  purity. 


DESCRIPTION  OF  PLATE  OP  MICB03C0PIC  OBJECTa 
FOUND  IN  DHINKIMO  WATER.* 

LlttlBspblTiSoL    OnbiwBudloIiiHa.    S3.  TUhUuU  floocoH.   rmillr— IHoM- 

!.  Ugr,  niUi  btcUtiA  ud  ilUlonu.  ■»««. 

i-  bctUu.  )  IS.  Chntaption  Elcgini. 

^  timtit.    etas— JUCioiigda.  U.  AncnlUnli.    Ordtf—Htmataia. 

*■  rmlHllB.    Clau^Infiueria.  H.  RoUfen. 

i'On  or  Entoioii.  £7.  Cjclopa  Qudiisornli.    Onbi — Cop*- 

1.  Egplotti  Vuinni.    CIiiit—I%/iuoria,  psda.    SHA-cIoa— XnloWMfriKa. 

*.  Puinn-ciam.    Claii—In/tuiitia.  M.  C«in*rlam  KujiMlHfgnim.    F«1I|| 
U  J^ag  FUuU,  at  tbntcl  nnm.  —DamUtaaa. 

II-  Cuofcrne.  SO.  DUtomii  Vulgtrt. 

ti  Hownlir  flbn.  10.  Dlitain. 

11<  BplhllDni.    nmtfir-ButeriiwE.  SI.  FnngL 

U  flUr  ;hDiiun>  iZ  VcgeUbl*  cellnlu'  tUtns 

■1.  Unta  9bre.  Sa.  Bcencidsuniu.  fomily-Da 

It  Oitlon  nhw.  M.  D»phnl«  pulei. 
1'  Xinenl  puticln. 

11  FnpBMit  or  de»l  wood.  9a.  lllorococom 

lt.aionatiofl«r.  Sa.  lBfo»ri». 

ft  Et4Ui*li»l  «ric«.  87.  OnofSili.    CJaM—lniullda. 
It  CMirtnni  iBonUiromilL    finUr—    K.  VigaUbls  dibrli. 

*  In  inseitiDg  tbess  diawingo  tli«  dedre  has  been  to  fix  on  the 
klttnllon  tbefana  and  apptaranoM  of  the  vuiona  Miimal  and  vegetable 
'>«\in  TuiUe  in  waters,  and  of  the  exttsneooo  ■nbatancea  with  which 
fi*T  ire  moit  liable  to  be  mingled,  la  order  that  a  recognition  of  their 
^erenves  may  prove  of  diagnostic  value. 
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The  public  vater-aupply  of  Llandudno  was  cecentlj  con* 
demned  by  Mr.  Wigner,  the  analyst,  on  the  ground,  I 
presume,  of  its  unfavourable  appearance  when  examined 
by  the  microBcope,  for  the  lestdts  of  his  chemical  study 
of  it  wotdd  not  certainly  wormnt  a  censure. 

Free  Ammonis  .         DeS  )  ..-if  i-^ 

Nitrogen  aa  Nitmt«a  and 

Nitrites         ,         .  'S4  gr.  per  gallon. 

Another  class  of  scientific  men  regard  insects  in  water 
as  scavengers  that  assist,  like  plants,  in  its  purifcatiui, 
and  place  the  greatest  reliance  on  those  great  natnial 
purifying  processes  of  oxidation  and  dilution,  the  exist' 
ence  of  which  we  are  all  too  prone  to  foi^t.     They 
urge  that  there  is  no  reason  for  supposing  that  an  ani- 
mal poison  will  attach  itself  to  an  infusorian  animsl- 
cule,  but  TBtbet  to  organic  matter  in  a  state  of  putre- 
factive change,  and  that  there  exist  good  grounds  fo^ 
Aauinud     thinkii^  that    an    animal   poison,   when    enormoosly 
^"^mu  diluted  with  water,  becomes  harmless,  as  it  does  wb**^ 
iwtts  ygiy  g^y  mingled  with  the  other  medium,  air.     pC 
M  to-  aonally  I  feel  a  greater  sympathy  with  the  latter  tb^^ 
"■       with  the  former  class,  although  there  can  be  no  doubt  1?^' 
that  when  Dr.  Frankland  seee  by  the  aid  of  hia  mic*^ 
scope  fragments  of  partially-digested  muscular  fibre     ^ 
the  water  of  the  Thames,  as  furnished  to  a  portion    p* 
the  inhabitante  of  London,  he  is  perfectly  justified     *" 
making  the  fact  public,  and  in  m^ng  the  need    f*^' 
some  amendment  in  the  condition  of  the  metropolifc'^^ 
water-supply. 

Sufficient  attention  has  not  hitherto  been  direct^ 
to  the  kind  of  moving  organisms  found  in  dnnking 
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water,  and  the  lessons  tangbt  by  these  differences. 
Ur.lTison  Macadam  has  recently  expressed  the  opinion* 
that  the  presence  of  the  Daphnia  pulex  and  Cyclops  otjOait 
qoadriconus  in  a  water  is  a  proof  of  its  purity,  becanae  ^°'" 
these  water-fleas  are  not  found  in  bad  waters,  in  which 
it  appears  they  cannot  live.  He  finds  them  in  all  our 
good  impounded  waters,  such,  for  example,  as  that  of 
HdinbiiTgh,  Eothesay,  etc. 

A  perfectly^  pure  water  contains  no  suspended  matter, 
»r  any  animal  or  vegetable  life.  The  ova  of  the  round 
Hul  tiie  thread  worms,  the  eggs  and  joints  of  the  tape- 
VDim,  and  small  leeches,  which  may  give  rise  to  grave 
disotders,  should  not  be  forgotten  in  making  micro- 
Kopic  examinations  of  drinking  waters.  The  excellent 
fllufltrationa  in  Dr.  Macdonald's  Guide  to  the  Micro- 
tofical  ExamiTuUion  of  ]>rinking  WeUcr,  will  be  very 
Mp^d  to  students  of  this  branch  of  water  analysis. 
Aa  scientific  literature  is  possessed  of  this  valuable 
snide,  I  shall  not  dwell  more  on  this  topic  than  by 
making  the  following  extract  from  the  Hygienic  Classi- 
fication of  Waters  contained  in  Parkes'  Hygimt,  (6th 
edit}:— 


^- tmt  and  WtaU- 


funil ;  DO 
Ubr*  uid 


Those  who  are  conversant  with  the  use  of  the 
**»icro6cope  will  recognize  vegetable  tissue,  starch,  epi- 
thelial scales,  human  hair,  the  hairs  of  cats  and  other  ani- 

*  Piper  entitled  "Aninul  Lire  in  Fmh  WftUr  Beservoira."— 
AWdeen  Meeting  of  Social  Science  Coognm,  1S77. 


?>•'* 
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malfiy  wool,  bits  of  deal,  fibres  of  silk  and  linen,  cotton  fila 
ments,  scales  and  legs  of  insects,  and  feathers,  and  wil 
not  be  puzzled  by  such  apparitions  in  the  field  of  the 
microscope.  Those  who  are  not  familiar  with  the 
appearances  presented  by  these  objects  when  magni- 
fied, should  make  themselves  as  soon  as  possible  ac- 
quainted with  them  imder  low  and  high  powers. 
Medical  officers  of  health  who  are  thus  well  grounded, 
will  find  the  microscopic  contents  of  water  an  exceed- 
ingly interesting  and  instructiye  subject  of  study. 
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CHAPTER  X. 

ECTION  OF  SAMPLES  OF  WATER  FOE  AHALTBIB. 

ter  analyBt  should  have  his  samples  of  'water 
n  strong  stoppered  glass  bottles,  supplied  Yty 
vhich  have  been  thoroughly  cleftDsed  witli  a 
d  before  leaving  his  laboratory.  Stoneware 
)uld  not  be  used,  for  that  material  is  liable  to 
calcic  sulphate,  silicates,  and  common  salt, 
ater.  By  avoiding  waste,  I  find  that  about  q< 
of  water  is,  as  a  general  rule,  sufficient  for  " 
niess  it  is  wished  to  make  any  special  exami- 
for  example,  an  estimate  of  the  amount  of 
in  a  water,  when  a  stoppered  "  Winchester 
employed, 

taking  a  sample,  the  bottle  should  be  well 
ree  times  with  the  water  to  be  collected. 
31  should  be  firmly  tied  down  by  twine  or 
a  printed  label,  with  gummed  back,  of  the 
ing   description,   should    be    filled    up   and 

Sanitary  DittrUt. 

SAMPLE  FOR  ANALYSIS. 


or  Draw  WtU_ 


»  Iht  abort  toe  vtill  be  found  ti 
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affixed  to  the  botUe.  It  is  a  good  plan  to  tie  dovn 
ovffl  the  mouth  and  stopper  of  the  bottle  a  hit  of  gutte- 
percha  sheeting,  to  exclude  the  dust.  These  bottlea 
are  advantageously  protected  in  their  firequeot  transita 
about  the  country  by  enclosing  them  in  a  strong  box, 
similar  to  that  which  is  herewith  sketched.  Hay  and 
straw,  which  are  generally  very  dusty  packing  materiaU, 
are  thus  avoided. 


a  a.  EluUo  pidi  tlut  pnM  on  lUppm  of  bottlia 
whan  box  U  cIo«d. 
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CHAPTER   XI. 

TIME  OCCUPIED  m  PERFORHING  AN  ANALTSia 

Havikq  estimated  the  amount  of  free  ammonia,  albomi- 
noid  ammonia,  of  solid  residue,  of  chlorine,  of  nitrates 
and  nitrites,  the  degree  of  hardness,  and  having  noticed 
the  appearance  of  the  solid  residue  before,  during,  and 
Bfter  incineration,  and  having  made  a  microscopic 
examination  of  any  sediment  that  may  be  presents  and 
^\hg  tested  the  water  for  poisonous  metals,  and 
isamined  it  for  magnesia  and  sulphates,  we  are  in  a 
Msition  to  answer  the  question  as  to  whether  the 
^ater  submitted  to  us  is  good  in  every  respect  for  a 
>ublic  water  supply.  It  will  be  urged,  with  reason, 
hat  such  an  analysis  as  this,  however  desirable  it  may 
^  cannot  be  undertaken  by  the  medical  ofQcer  of 
ealth,  for  so  much  time  would  be  consumed  in  water 
Xaminations  as  to  leave  but  little  for  other  work.  It 
t  but  rarely  that  I  make  a  complete  analysis  of  this 
ind,  because  it  is  seldom  requisite.  A  head  centre 
'n  aU  matters  relating  to  public  health  should  be  able 
o  conduct  such  an  investigation,  in  order  that  when 
>  question  arises  as  to  which  of  several  waters  would 
»  the  best  in  every  respect  for  the  public  water  sup- 
ply of  a  town  or  village,  be  may  be  able  to  give  an 
tnswer  based  on  quantitative  determiuationB  of  the 
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several  ingredients   that  affect  tlie  wholesomeness  of  a 
water. 

If  the  estimation  of  the  free  and  albuminoid  am- 
monia, and  the  chlorine,  and  the  qualitative  test  for 
nitrates,  does  not  show  conclusively  the  character  of  a 
water,  then  it  is  advisable  to  add  other  tests,  such  as 
a  quantitative  determination  of  the  nitrates  and  nitrites, 
the  incineration  of  the  solid  residue,  the  calculation  of 
the  amount  of  saline  matters,  and  the  degree  of  hard- 
ness. 
Mod* of  If  the  question,  ''Is  this  water  wholesome  and 

«ste^^  good  ? "  be  addressed  to  me,  I  immediately  ask  whether 
*^7*^  any  illness  or  disease  has  been  attributed  to  the  em- 
ployment of  it  If  there  is  a  suspicion  lest  the  water 
has  interfered  with  the  health  of  any  person  or  persons, 
inquiries  are  made  of  the  applicant  as  to  whether  there 
is  any  reason  for  suspecting  the  presence  of  organic 
matter  or  metallic  poisons,  or  whether  the  water  is 
found  to  be  too  hard  for  domestic  purposes,  or  whether 
it  is  brackish  or  purgative.  In  fact,  I  ask  what  reason 
there  is  for  complaining  of  the  water.  In  this  way  the 
extent  of  the  analysis  is  limited,  and  the  applicant 
obtains  the  information  required.  In  the  majority  of 
cases  that  present  themselves,  the  question  arises  as  to 
the  amount  of  organic  matter,  whether  within  or  be- 
yond the  permissible  limit. 

Kow,  what  amount  of  time  is  occupied  in  answer- 
ing this  last  question  with  absolute  certainty  ?  Thirty 
minutes.  If  it  is  needful,  as  is  often  the  case,  to 
estimate  the  exact  amount  of  organic  matter  present  in 
a  water,  forty  minutes  are  consumed.  If  a  more  com- 
plete analysis  is  required,  I  determine  the  amount  of 
chlorine,  and  the  quantity  of  nitrates  and  nitrites  in. 
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sod  the  hardness  of,  the  water,  whilst  the  distillation 
ii  going  on.  The  evaporation  of  the  25  c.  c  of  -wftter 
to  procure  the  solid  residue,  and  the  weighing  of  the 
diah  both  before  and  after  this  operation,  of  comse 
proceed  simultaneously  with  the  distillation. 

Unlike  the  Frankland  and  Anostrong  process,  which 
amsumes  two  and  oftener  three  daj-s,  the  Wanklyn, 
Clapman,  and  Smith  process  is  very  rapid,  as  it  can 
be  completed  within  an  hour  by  tlie  most  inexperienced. 
The  medical  officer  of  health  process  described  in  this 
»utk,  -iihiuh  is  a  modification  of  the  latter,  is  generally 
nther  more  lengthy  than  it,  its  duratioa  being  dependent 
on  the  greater  or  less  rapidity  with  which  we  arrive  at 
conclusive  evidence  as  to  the  character  of  a  water. 

Dr.  Parsons  recommends  the  following  plan*  for 
expediting  the  process  of  ammonia  determination : — 

Take  100  cub.  cent  gmduat«d  measuring-glass  orxodnor 
tet-miaer,  pour  into  it  10  c.  c.  of  the  standard  solution  JJJ^J^ 
of  anunonia  (^  '10  milligramme  of  ammonia),  fill  uppneMi. 
with  distilled  water  to  about  90  c.  c,  add  about  4  c.  o. 
of  Nessler's    test,  and   fill   up   with   distilled   water 
exactly  to  100  c.  c ;  Tnix  thoroughly.     Then,  to  esti- 
mate the  ammonia  in  a  sample,  take  two  glass  cylinders 
of  exactly  equal  diameter,  and  stand  them  on  a  sheet  of 
white  paper ;  put  the  Nesslerized  distillate  to  be  esti- 
niated  into  one,  and  into  the  other  pour  as  much  of 
the  above  standard  solution  as  will  produce  an  equal 
iateuaity    of   coloor   on    looking   down    through    t^ 
columns  of  fluid  trota  the  top.     More  or  less  of  the 
Btandard  solution  may  be  taken,  until  the  shades  ez- 

*  Puilie  StaUA,  June  IS,  IS74,  p.  1  SI ;  and  Pftper  rotd  before  tha 
Ynbhin  AasociAtiou  of  Hedicol  Officers  of  Health  on  October  Slat, 
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actlj  match ;  and  in  this  way  the  tediousness  of  mak- 
ing repeated  guesses,  until  the  right  strength  is  arrived 
at,  may  be  avoided.  By  ascertaining  the  quantity  left 
of  the  100  c.  c.  in  the  measuring-glass,  we  of  course 
know  the  amoimt  that  has  been  used,  and  as  each  10 
c.  c.  are  equal  to  '01  milligramme  of  ammonia,  the 
weight  of  ammonia  present  in  the  distillate  is  at  once 
obtained. 

If  the  amount  of  ammonia  in  the  distillate  be  larger 
than  that  in  the  standard,  a  fraction  of  the  former  may 
be  taken,  or  a  stronger  standard  made  up ;  if,  on  the 
other  hand,  the  amount  be  very  small,  it  is  more 
accurate  to  pour  into  the  second  cylinder  a  quantity  of 
distilled  water,  about  equal  to  the  distillate,  and  then 
add  the  standard  Nesslerized  solution  to  it,  till  the 
requisite  depth  of  colour  is  attained." 

Dr.  Mills'  colorimeter,  referred  to  on  page  43,  is 
constructed  on  the  same  plan  of  imitating  the  tint  to 
be  estimated  by  increasing  or  diminishing  the  length 
of  the  column  of  fluid  that  forms  the  standard. 

My  trial  of  this  mode  of  performing  an  analysis 
has  not  led  me  to  adopt  it,  as  I  find  it  troublesome. 
A  far  better  mode  of  expediting  the  ammonia  procesa 
is  to  submit  for  examination  a  ^litre  instead  of  m^ 
^litre  of  water,  and  to  multiply  the  results  by  4  in— 
stead  of  by  2.     This  rapid  modification  of  the  process 
is  suitable  only  for  the  medical  officer  of  health  whc^ 
has  had  some  experience  in  water  analysis,  to  whom 
would  recommend  it.     Messrs.  Townson  and  Merces 
have  made  for  me  Nessler  glasses  of  a  size  adapted  ton 
the  examination  of  half  the  usual  quantity  of  distillate 
namely,  25  cub.  cent. 
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CHAPTER    XII. 

ENTEY  OF  ANAiYSIS  IN  NOTE  AND  BECORD  BOOKS. 

The  entry  of  an  analysis  may  te  conveniently  made  in 
ti»  note-book  thus  : — 


Well  at  Woodhouae  Farm. 
ft*  e/  CoUtction. — April  4/77.  Sounx. — Well,  with  pump, 

S5  ft  deep, 
n     Attah/tii. — April  5/77.  Soil — Sand  and  giaveL 

DitUmct  qfntarat  Filth. — 7  jeida. 
Rtjuon  for  Aitalytit. — DiairluBa  Buapected&om  use. 
Ar  (Morme,  70  c.  c  taken.    Reqnired  of  soL  nitiat.  silver  20  c  c. 

,-.  £0  gndns  per  gallon, 
j'lr  Mil  S5  c.c  token. — ^Di«h  and  residue  86'2S1 

Diah  .     26-230 


.'.  68*8  giaina  per  gallon. 


•027  

=  -10 

In  litre  free  ammotua  -064,  and  alb.  ammonia  -20  milligruD. 

Nitn^en  as  nitrates  and  nitrites  1 J  grain  per  gallon. 

ToUl  hardnen  19  degrees. 

O^nion, — Water  condemned  a>  unfit  for  drinking  purposes. 
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It  ig  oflefbl  to  keep  a  recoid  book  of  all  analyses  for 
each  sanitary  district  alphabetically  ansnged  in  parishes, 
the  pages  being  mled  in  a  manner  eitnilar  to  the  lines 
on  the  certificate  of  an  analysis.      Vide  page  171- 

Some  make  entiiee  of  the  free  ammonia  and  the 
albuminoid  anmionia  in  tenns  of  nitrogen,  and  sdd 
together  the  nitrogen  from  both  sources.  The  amount 
of  ammonia,  be  it  free  or  directly  derived  from  oiganic 
matter,  may  easily  be  represented  as  nitrogen  ^ 
multiplying  by  14  and  dividing  the  result  by  17.  Id 
the  foregoing  analysis  the  tro  ammonias  thus  expressed 
would  be  registered  as  follows : — 

VnUBnoiH  pet  UM 

~  -064  =  Nitrogen  u  Free  Ammonia  •044 


Toml  amount  of  Nitrogen  'SI4 
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CHAPTEE   XIII. 

UmiAEES  OF  WATER  ANALYSTS,  AMD  HOW  TO 
AVOID  THEH. 

To  avoid  errors  in  analjtic&l  work  it  is  importaDt  to 
be  veij  cleanly,  orderly,  and  mettodicaL  Many  mis- 
takes arise  from  a  want  of  cleanliness  and  ceire  in  the 
collection  of  samples.  Dirty  bottles  and  corks  should 
oot  be  employed.  It  ia  desirable  never  to  rely  on  the 
memory,  but  to  be  business-like  and  exact  in  every- 
thing. All  the  details  of  an  analysis  should  be  wtitteQ 
in  a  book  kept  for  the  purpose,  at  the  time  of  its 
perfonnance. 

A  water  should  always  be  examined  in  a  fresh  *ii.ij»in)t 
state ;  for,  by  keeping,  some  of  the  free  ammonia  leaves  t  ^  nt 
tte  water,  and  other  changes  take  place.    On  April  1 3th  ^  """" 
the  vater  of  an  artesian  well  yielded  free  ammonia  36, 
And  albuminoid  ammonia '015  milligramme  per  litre. 
On  April  1 6th  another  portion  of  the  water,  withdrawn 
^m  the  same  stoppered  bottle  as  the  first  sample,  was 
tested,  and  this  second  analysis  gave  of  free  anomonla 
'125,  and  of  albuminoid  anamonia  '015  milligramme  per 
litre.    The  water  had  lost  '235  milligraiame  of  free 
Uomonia  per  litre  in  three  days.     This  water  was  a 
Very  pure   one.     If,    hcFwever,  it  had  contained   an 
(Xcess    of   albuminoid    ammonia   as    well   as   of  firee 
VDmonia,  confervoid  growths  would  have  formed  in 
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Want  of 

chwnioo- 

feologieal 


it  (veiy  rapidly  in  warm  weather),  and  have 
free  ammonia.  With  a  decrease  of  free  amn 
would  have  been  a  decided  increase  in  the 
albuminoid  ammonia.  Waters  should  be  e: 
possible,  within  thirty-six  hours,  in  summer, 
removal  &om  their  source,  and  in  the  int 
should  be  kept  in  a  cool  dark  place  in  stoppei 

A  mistake  on  the  part  of  an  analyst 
from  a  want  of  chemico-geological  knowle(] 
knowledge,  are  examples.  An  analyst  received  a  samp] 
which  did  not  prove  on  analysis  to  be  perfe 
but  nevertheless  could  not  be  condemned  oi 
of  an  excess  of  organic  matter.  Bearing  th( 
what  indifferent  character  for  cleanliness,  h 
for  chlorides,  and  found  a  large  excess,  whi( 
to  condemn  the  water.  He  was  not  acqua 
the  fact  that  this  water  came  from  the 
and  that  the  purest  waters  from  this  formati 
an  excess  of  chlorine. 

A  water  from  a  deep  well  in  Essex  ^ 
an  analyst  who  obtained  the  following  data 
to  form  an  opinion  : — 


Graikb  pkb  Gallon. 


Solids. 
97-4 


Chlorine. 
87 


MlLUORAMm  PEB  LlTR£=3 

Pabts  pkb  Million. 


Free  AmmoniA. 
•78 


Alb.  Ammonia. 
'Oi 


He  saw  first  that  the  solids  were  in  ex 
large   amoimt  of   chlorine  made  him  look 
strongest   suspicion  on  the  water.     Then, 
such  an  enormous  quantity  of  free  ammoi 
eluded  —  overlooking  the  fact   that   the  j 
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immoma  vaa  exceedingly  small — that  this  well  was 
polluted  with  urine.  This  water,  however,  is  quite 
pure.  He  did  not  know — (1.)  That  the  water  came 
bom  beds  of  sand  lying  underneath  the  London  clay. 
It  a  distance  of  about  250  feet  &om  the  surface ;  and 
(2.)  That  these  sandbeds  famish,  in  certain  situations, 
water  of  great  purity,  which  possesses  an  excess  of 
chlorides  and  free  ammonia. 

The  following  case  occurred  some  time  since  in  one 
of  tlie  south- western  counties,  which  has  utterly  shaken 
tbe  confidence  of  the  local  public  in  their  opinion  of  their 
liealth  officer.     Two  wateis  from  neighbouring  pumps,  Apnnw 
vhich  were  open  to  some  suspicion,  were  examined  by  pg„  ,^ 
kim.    The  water  from  one  pump  was  pronounced  to  JM*!^ 
be  pue,  and  the  water  from  the  other  was  declared  to  u»  um> 
be  impure  and  quite  unfit  for  drinkii^  purposes.     It  "^ 
Tas  ultimately  discovered  that  both  pumps   derived 
tbeir  water  from   one   and   the   same  well     Such   a 
lamentable  mistake  could  hardly  have  occurred  had  not 
some  utterly  fallacious  mode  of  examination  been  prac- 
tised.   In  justice,  however,  to  this  gentleman,  it  should 
be  stated  that  a  most  extraordinary  case  has  recently 
been  published  by  Dr.  Cameron,  the  well-known  health 
officer  and   analyst  of  Dublin,  where   good  and   bad 
;    Water  would  seem  to  have  been  present  in  a  deep  well 
at  the  same  time,  the  pure  lying  in  a  layer  at  the 
bottom  of  the  well,  and  the  impure  forming  a  stratum 
on  the  surface — 


•   9i 


142 


MISTAKES  OF  WATER  ANALYSTS, 


Sftinple. 

No.  1 
No.  2 

GsAiKsn 

bOallov. 

QUAUTATIT& 

PAanPB 

Miluovb 

lIrT.i  lommni 

psaLiTSf. 

SoUdi. 

Chloiinei 

Nitroiu  Acid 

Nitric  Add. 

Amn. 

Alb. 

29 
47-4 

2  1 
1^7 

Lax^  amount 
None. 

Small  amount 
Trace. 

•14 
•00 

•55 
•08 

No.  1  water  was  taken  from  the  well  by  dipping  it  out 
from  the  surface,  whilst  No.  2  was  withdrawn  from  a 
tap,  the  pipe  of  which  descended  to  within  two  inches 
of  the  bottom  of  the  well     Dr.  Cameron  comes  to  the 
following  conclusion : — "  The  water  which  enters  the 
lower  part  of  the  well  through  its  side  and  bottom  is 
derived  from  springs,  or  at  any  rate  it  is  water  which  had 
percolated  throughout  a  considerable  quantity  of  day, 
and  had  thereby  been  deprived  of  any  organic  matter 
which  it  might   originally  have   contained.     On  the 
other  hand,  the  drainage  of  the  surface  of  the  sm- 
rounding  soil  must  have  in  part  made  its  way  into  tihe 
well  through  the  sides,  but  near  its  mouth.     As  this 
drainage  would  undeigo   but  little  filtration,  it  would 
probably  be  contaminated  with  organic  matter  as  sur- 
face  drainage    so   generally  is."     I  on  one  occasioa 
analysed  samples  of  water  taken  from  two  different 
pumps  connected  with  one  and  the  same  well  (depth 
1 8  feet),  both  samples  proving  exceedingly  filthy.    The 
pipe  of  the  pump  that  drew  water  from  the  bottom  of 
the  well  furnished  a  water  which  was  more  impure 
than  that  from  the  pump  that  obtained  its  supply  at » 
higher  elevation.     The  lesson  taught  by  these  facts  is, 
that  care   should    always  be   exercised   in    collecting 
samples  of  well-waters  to  obtain  a  specimen  representing 
the  average  composition  of  the  whole  contents  of  a  well. 
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The  mistakes  of  water  analyBts  may  arise  &om  sins  oniiHiaa  u 
of  omission  as  well  as  from  those  of  commission.  Two  j^^^ 
or  three  samples  of  a  spring  water  were  some  time 
BDce  submitt^  by  a  Gural  Sanitary  Authority  to  a  dis* 
tinguished  analyst  with  the  object  of  diBCOTering  whether 
or  not  it  was  adapted  for  the  public  supply  of  a  neigh- 
bouring town  which  was  destitute  of  clean  water. 
Foolscap  papers  of  formidable  appearance,  containing 
details  quite  incomprehensible  to  all  but  exi>erts,  were 
nceived  after  a  dday  of  two  or  three  months,  which 
conUined  the  assurance  that  the  water  was  a  very 
ocellent  one,  and  in  all  respects  adapted  for  dietetic 
and  all  domestic  purposes.  No  mention,  however, 
vas  made  as  to  the  presence  or  absence  of  metals. 
I  maintain  that  no  one  is  justified  in  giving  such  an 
o^anion  as  the  above,  unless  he  has  made  an  examina- 
tion for  lead,  copper,  and  iron  in  a  water.  Seating  on 
the  opinion  of  the  analyst,  expensive  water-works  have 
Wn  constructed,  and  the  water  has  been  "  laid  on  " 
to  tie  town.  The  water  contains  bo  much  iron  as  to 
be  very  unpopular,  the  public  preferring  for  drinking 
puiposes  the  water  of  their  polluted  surface  wellfl. 

The  water  from  a  well  about  2  5  feet  in  depth  was  sent 
to  a  London  analyst,  who  pronounced  on  the  following 
data  the  opinion  that  the  water  was  "  polluted  with  sew- 
•ge,"  and  "  cannot  be  drunk  without  danger  to  health." 


Ouin  FU  QuLOH. 

P»Tin>ilIiLUOti»                 1 

ChlailM. 
1-2 

KltmgenM 

NiUiM* 

■i 

VoUUl« 

6-e 

VntianuaiK 

•070 

Atbnminolil 
■058 
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The  analyst  adds,  "  The  quantity  of  chlorine  is 
large  as  to  be  strongly  suggestive  of  the  source  of  pc 
lution."  Here,  in  this  instance,  two  mistakes  wei 
committed.  The  above  results  would  not  warrant  an 
one  in  affirming  that  the  water  was  polluted  wit 
sewage,  for  it  manifestly  is  not  They  indicate  tha 
the  water  is  a  doubtful  one,  and  should  have  led  t 
further  investigation.  I  analyzed  the  water  of  thi 
same  well  on  two  distinct  occasions,  separated  b; 
an  interval  of  several  months.  My  figures  did  no 
materially  differ  from  the  above,  except  that  the  pn 
portion  of  free  ammonia  was  slightly  less,  e.g, — 


PaBTB  PCB  MiLUOH  bm  MlLUGRAim  put  LiTBX. 


First  AnalysiB 
Second  Analysis 


Free  Ammonia. 
•02 
•02 


Albuminoid  Ammonia. 
•05 
•06 


A  microscopic  examination  of  the  sediment  showed  tl 
presence  of  an  abundance  of  confervoid  filaments  on  bol 
occasions.  The  amount  of  chlorine  is  rather  below  tl 
average  of  the  surrounding  district,  all  the  purest  wate 
of  which  furnish  an  abundance  of  chlorides  deriv( 
from  sandy  strata.  It  is  perfectly  evident  that  tl 
water  contains  vegetable  impurities  to  some  slig 
extent,  and  is  accordingly  not  of  the  best  qualit 
Here  was  a  very  serious  error  made  by  an  analyst 
good  repute,  who  evidently  relied  on  the  indicatio: 
afforded  by  the  test  for  chlorine  and  the  loss  1 
incineration,  to  the  exclusion  of  that  obtained  1 
microscopic  examination,  which  is  always  desirable 
doubtful  water. 
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le  apparent   disagreement  between   the   results  nn 
led  in  water  analysis  by  different  analysts  was  ^^ 
ht  forward  by  a  gentleman  in  the  Chemical  JVmos  "*"7 
)veniber  19,  1875.     He  publishes  five  analyaea  _nt,., 
opinions  by  five  chemists  of  repute,  of  the  water 
the  same  well,  and  draws  a  conclusioD — 
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'■  T«nlict  ia— That  the  water  is  of  good  qnalitj. 

'*        „  It  ii  rarface-water,  and  ia  bad. 

'<        , ,  So  much  organic  matter  u  to  be  aufit  for 

drinking. 
'•        „  A  perTectl?  pure  water,  and  quite  fit  for  all 

domeatic  purposes. 
'l        „  The  wat^r  ia  nnuaaallj  pure, 

r  Buch  verdicts,  aurelr  it  is  necessary  wb  should  hsTs  •otne 
I  in  our  practice  of  aualjtical  chemistry. 

le  prominence  given  in  these  analyses  to  the 
al  constituents  of  this  water,  to  the  exclusion,  in 
out  of  the  five,  of  the  more  valuable  information 
the  amount  of  filth,  is  noticeable.  The  only 
9es  on  which  it  would  be  safe  to  offer  an  opinion, 
ly,  tliose  labelled  C  and  E,  show  the  water  to  be 
f  a  variable,  and  for  this  reason  of  a  doubtful,  or 
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suspicious  character.     When  one  meets  with 
water,  it  is  wise  to  make  two  or  three  analj 
intervals  of  two  or  three  months,  remembering  t 
that  many  wells  are  liable  to  periodical  poUuti 
pendent  on  the  height  of  the  subterranean  and  i 
or  subsoil  water,  and  other  causes.     I  have  he 
as  many  as  nine  samples  of   an  intermittent 
water  supply  having  been  taken  at  different  ti 
the  day  (24  hours)  by  an  analyst  who  felt  con 
that   some    occasional   pollution    did    occur, 
samples  proved  on  analysis  to  be  pure.     On  i 
the  ninth  analysis  he  obtained  proof  of  consic 
organic  contamination    of   the   water.      There 
evidence  afforded  that  the  samples  of  water,  the  ai 
of  which  form  the  foregoing  table,  were  aU  tal 
the  same  time  in  perfectly  clean  vessels,  as  wa 
properly  pointed  out  by  the  public  analyst  of 
walL 
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CHAPTEK  XIV. 

DBEmL  UEMORANDA  FOB  MEDICAL  OITICEBS  OF  HSALTH 
WHEN  PEEFOEJONG  WATEE  AHA1T8I8. 

1.  Thoroughlt  wipe  away  all  duet  &om  the  mouth  of : 
tbe  sample  bottle  and  stopper  with  a  clean  glass-doth 
before  coDunencing  an  analyeiB. 

2.  Tbe  hole  at  the  upper  extremity  of  the  standard 
Unmonia  solution  burette,  for  admitting  air  when  the 
liquid  is  drawn  off  by  the  tap,  should  be  closed  by 
Wniog  around  the  glass  stopper,  before  leaving  thie 
aboratory  for  the  day,  otherwise  evaporation  will  take 
>Iace,  and  the  remaining  standard  solution  will  become 
tnmger  than  it  should  be  when  next  employed,  Fot 
be  same  reason  it  is  undesirable  to  place  more  Btandard 
tninonia  solution  in  the  burette  at  a  time  than  will  be 
nbably  required.  If,  at  the  conclusion  of  one's  work 
1  tbe  laboratoiy,  a  little  solution  only  remains,  it  is  as 
•ell  to  throw  it  away,  and  replace  it  by  fresh  from 
le  stock  bottle  when  next  wanted. 

3.  On  adding  the  caustic  potash  and  pennanganate 
f  potash  solution  in  the  estimation  of  the  albuminoid 
Dunonia,  it  will  be  often  noticed  that  on  reapplying 
cat  the  steam  that  first  passes  off  is  not  condensed, 
'ot  escapes  as  such  into  the  Nessler  glass.  It  is  wise 
0  hold  up  the  Nessler  glass  so  that  the  steam  issuing 
mm  the  condenser  tube  may  impinge  on  its  cold  base, 
md  be  thua  condensed. 
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4.  Sample  bottles  are  exceedingly  apt  to  fur,  espe- 
cially in  warm  weather,  if  waters  are  long  kept  in 
them,  and   great  difficulty   is    often  experienced  in 
cleansing   them.     Waters  containing  much  free  am* 
monia  are  especially  liable  to  the  growth  of  conferva 
It  is  desirable  to  wash  out  a  sample  bottle  directlj  an 
analysis  is  completed.     Bottles  that  have  the  slightest 
fur  about  them  should  be  cleaned  with  strong  impnie 
hydrochloric  acid  and  fragments  of  filter-paper.    If  this 
acid  in  a  cold  state  fails  to  remove  the  fur,  boiling  add 
must  be  employed.     A  most  thorough  washing  with 
water  is  of  course  indispensable  after  the  use  of  the  acii 

5.  Look  narrowly  for  insect  life  in  each  sample  of 
water  submitted  for  examination.     If  a  well  water 
contains  animal  life  of  such  a  size  as  to  be  perceptible 
to  the  unaided  eye,  it  is  almost  useless  to  analyse  the 
water  for  organic  matter,  of  which  there  is  sure  to  be 
an  excess.     Animals  will  not  exist  in  a  fluid  that  does 
not  possess  organic  matter  on  which  they  can  feed. 
The  presence  of  a  distinct  brown  tinge  in  the  water  is 
often  confirmatory  in  such  a  case  of  the  presence  of 
filtL     Sometimes  specimens  of  entomostraca  may  be 
seen  along  the  edges  of  lakes  and  large  reservoirs  that 
supply  towns  with  water.     In  such  cases  the  volumes 
of  water  with  which  they  are  associated  are  so  enor- 
mous that  an  analysis  does  not  show  any  excess  of 
organic  matter  in  consequence  of  their  presence. 

6.  Some  of  the  ammonia  found  in  rain  water  that 
falls  near  dwellings  is  derived  from  the  soot,  for  am- 
monia is  a  product  of  combustion. 

7.  In  the  estimation  of  the  soKd  residue  it  is  ad- 
visable to  examine  the  under  surface  of  the  platinum 
dish,  after  the  evaporation  to  dryness,  before  the  dish 
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is  weighed,  and  to  carefully  lemove  any  saline  matter 
derived  from  the  vatei  of  the  water  bath.  It  is  always 
best  to  employ  difitilled  water  in  the  batL 

8.  The  greater  or  less  rapidity  with  which  the  solid 
Tcddae  increases  in  weight  during  weighing  is  an  indi- 
cation aa  to  the  amoimt  of  the  deliquescent  salts 
common  to  water  residues,  such  as  the  chlorides  of  cal> 
dam  and  magnesium,  the  nitrite  of  potash,  etc.,  which 
we  present 

9.  Alter  the  analysis  of  a  very  impure  water,  it  is 
wise  to  distil  a  little  distilled  water  through  the  retort 
and  condenser  tube,  in  order  to  be  sure  that  the  appo- 
ntns  is  perfectly  free  from  any  traces  of  animonia. 

10.  loosen  the  connection  between  tbe  retort  and 
tlie  adaptor  or  condenser  tube  after  an  analysis,  to  pre- 
vent a  fracture,  which  will  sometimes  occtur  on  cooling 
if  this  precaution  is  not  taken. 

11.  The  health  officer  should  be  prepared  to  deal  with 
bands  with  which  the  public  occasionally  amuses  itself. 
Analysts  have  received,  for  example,  samples  of  pure 
»ater  into  which  a  little  soup  or  beef  tea  or  mutton 
broth  has  been  introduced;  also  samples  of  distilled  water 
as  obtained  &om  druggists,  and  samples  of  rain  water. 

12.  Nessler  glasses  are  sometimes  made  of  such 
thick  glass,  especially  at  their  bases,  as  to  give  a  dis- 
^ct  tinge  of  colour  to  colourless  water.  It  is  accord- 
itigly  wise  to  select  colourless  and  thin  glasses,  which 
should  be  all  of  exacUy  the  same  diameter. 

13.  Time  is  economized  and  accuracy  is  promoted 
if  a  eeparato  graduated  pipette  be  kept  for  each  stand* 
aid  solution.  A  pipette  should  be  £lled  by  suction 
with  the  standard  solution  to  which  it  is  assigned,  bo  aa 
to  moisten  its  interior  before  the  solution  is  employed. 
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CHAPTER  XV. 

?OBlf  ATION  07  OPINION  AND  FBEFAKATION   07    REPOKT  U 
TO  SAMPLE  OF  WATER  SUBUITTED  TO  AHALT8IS. 

Mr.  Sihon  rightly  insUts  upon  a  high  staadard  of  pmity 
far  drinking  water.  In  his  second  annual  report  to 
the  city  of  London,  he  obaerves  that  "  we  cannot 
expect  to  find  the  effect  of  impure  water  always  sud* 
den  and  violent  The  results  of  the  continued  imbibi- 
tion of  polluted  water  are  indeed  often  gradual,  and 
may  elude  ordinary  observation,  yet  be  not  the  lea^ 
real  and  appreciable  by  close  inquiry.  In  fact,  it  i* 
only  when  striking  and  violent  effects  are  prodncec^ 
that  public  attention  is  arrested ;  the  minor  and  mor* 
insidious,  but  not  less  certain  evils,  are  borne  with  tb-* 
indifference  and  apathy  of  custom."  Although  n' 
sickness  may  be  produced  during  the  life  of  a  man  b^ 
the  habitual  use  of  an  impure  water,  yet  there  can  Ih 
no  question  but  that  impure  water,  like  impure  aic 
affects  the  physique  of  individuals,  and  tends  to  the 
degeneration  of  a  race.  Kearly  every  water  contain£ 
some  organic  matter  which,  however,  in  exceedingly 
minute  quantities  is  liannless,  so  far  as  our  knowledge 
extends.  When  its  amount  in  a  water  exceeds  a  cer- 
tain limit,  it  is  unwise  to  drink  the  water.  If  it  is 
present  in  still  larger  quantities,  the  drinking  of  such 
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Water  is  atlriidcd  \vitli  risk,  (»]•  even  willi  dan^^'cr. 
S^^due  limy  triuini)liaiitly  ub.serve  thai  they  have*  heuii  i)<iusi<.n.soj 
endangering  their  health  during  a  great  many  years,  ****  ^"^^^*^* 
and  are  not,  to  their  own  knowledge,  at  all  the  worse 
for  the  filth  that  they  have  taken  with  their  water. 
They  conclude,  therefore,  that  impure  water,  like  tea, 
which  the  old  woman  of  ninety  was  informed  was  a 
stealthy  poison,  must  be  exceedingly  slow  in  its  action. 
When  will  the  public  learn  that  what  is  apparently 
harmless  to  one  is  poison  to  another ;  that  some  consti- 
tutions are  susceptible  to  a  disease  to  which  others  are 
quite  insusceptible  ;*  that  the  susceptibility,  when  it 
exists,  may  only  manifest  itself  at  certain  ages  or 
periods  in  a  life,  or  even  times  of  the  year ;  that  a  per- 
son may  at  one  time  be  susceptible  to  a  disease,  and  at 
soother  time  be  insusceptible  ?  What  a  mistake  then  is 
it  for  a  man  to  argue  that,  because  he  has  drunk  filthy 
pond  water  all  his  life,  and  fancies  that  he  has  never 
suffered  thereby,  therefore  such  water  is  not  injurious 
to  health,  when  we  physicians  can  demonstrate  that  it 
will  often  produce  fatal  diarrhoea.  Because  pond  water 
does  not  cUways  cause  such  disastrous  results  to  all, 
snch  a  man  will  argue  that  it  can  never  do  so  to  any. 
We  know  much,  but  we  have  yet  much  to  learn  as  to 
the  influence  of  impure  water  on  the  health  of  those  in 
whom  it  does  not  produce  disease.  The  study  of  this 
object  forms  part  of  the  greater  one,  as  to  the  modvs 
operandi  of  various  climates  on  the  health  and  character 

*  Any  amount  of  proof  of  the  accnracy  of  this  statement  is  obtain- 
*Ue.  Witness,  for  example,  the  distressing  effects  produced  in  some 
persons  by  the  inhalation  of  the  pollen  of  certain  grasses,  which  are 
known  by  the  name  of  hay  feyer,  whilst  the  mig'ority  of  persons  are 
luitffected  by  the  same. 


152      OPINION  AND  FBSPABA.TI01I  OF  SMPOKT  A8  TO 

of  men  and  animftU  The  poHSesson  of  the  little 
knowledge  that  is  veil  known  to  be  dangerooa,  instead 
of  displaying  their  igooiance  by  railing  with  presomp- 
tion  at  what  they  do  not  understand,  should  learn  aH 
that  is  known,  and  then  endeavour  to  add  to  the  stock 
of  our  knowledge  with  humble,  reverent,  and  studious 
minds.  We  cannot  be  surprised  at  the  prevalence  of 
sach  delusions  amongst  the  ignorant  public,  when  ve 
find  the  mind  of  the  intellectual  public,  represented  \ij 
Buch  men  as  Professor  Tyndall,  led  away  by  the  imagi- 
□atioQ  Into  erroneoos  conclusions  as  to  the  origin  of 
typhoid  fever,  and  dogmatiziog  thereon  to  support 
Darwiniati  views,  these  conclusioDS  being  based  on  a 
knowledge  of  only  half  the  truth. 

The  folly  occasionally  displayed  by  eminent  scien- 
tific men  in  delivering  themselves  of  opinions  on  exclu- 
sively medical  subjects,  with  which,  as  non-professional 
men,  they  can  have  but  a  smattering  knowledge,  would 
be  amusing  if  it  were  not  mischievous  in  the  interests 
of  the  public.  I  bear  no  particular  aoimosity  towards 
the  views  so  ably  put  forth  by  Mr.  Darwin,  for  I  thini 
that  there  is  much  of  truth  in  them ;  but  I  do  dislike 
that  straining  and  positive  distortion  of  facts  of  thoee 
who  can  see  nothing  anywhere  or  in  anything  whidt 
does  not  contribute  to  a  confirmation  of  the  accuracy 
of  his  teachings. 

The  minds  of  health  officers  have  often  been  exer- 
cised as  to  the  propriety  of  condemning  pond  water  for 
domestic  use.  If  the  water  be  stored  in  clean  vessels 
like  the  drinking  ponds  in  the  chalk  districts,  and  as  the 
"  mist  ponds,"  situated  in  high  uncultivated  hills  in  the 
north  of  England,  which  are  said  never  to  become  dry. 
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'bang  lepleniahed  by  the  fogs  vhicli  they  condense ;  or 
if  ft  pond  is  lined  with  cement,  and  so  protected  as  to 
jmvent  the  entrance  of  ditch  water: — water  will  probably 
lie  fnnushed  that  ia  admissible.  It  will  cot,  in  ftict,  differ 
bom  the  water  of  a  lake  or  reservoir.  Knowing,  as  we 
■Q  do,  that  pond  water  as  usually  met  with  (1)  is  aptiut^iuiou 
to  create  diarrhoea  in  summer ;  (2)  Uiat  those  who 
diink  it  are  generally  troubled  with  intestinal  worms ; 
(3)  that  these  ponda  are  iisually  fed  by  ditches  that 
dnin  fields  which  are  often  manured  by  town  filth ; 
ud  (4)  that  there  is  a  strong  suspicion  of  the  existence 
of  a  connection  between  the  employment  of  pond  water 
ud  the  prevalence  of  malarial  diseases  : — we  cannot,  in 
the  interests  of  the  public  health,  approve  of  its  adop- 
tion for  drinking  purposes.  Families  provided  with  thia 
objectionable  supply  generally  either  strain  the  water 
through  muslin,  or  boil  the  water,  or  pass  it  through  a 
filter,  or,  if  very  turbid,  a  pinch  of  alum  is  added  to 
clarify  it.  The  father  of  a  family  drinks  little  else  than 
beer,  and  the  mother's  beverage  is  tea.  In  summer 
and  autumn,  when  there  is  a  tendency  to  intestinal 
disorders,  I  have  known  entire  families,  who  have  not 
taken  the  trouble  thus  to  lessen  the  evil,  thoroughly 
prostrate  from  severe  diarrhcea ;  and  if  the  pond  water 
has  been  fouled  by  the  excreta  of  cattle,  a  form  of  con- 
tinued fever,  resembling  closely  enteric  fever,  has  been 
induced.  If  the  excreta  are  of  human  origin,  Uie 
danger  is,  of  course,  the  greater.  This  summer  or 
autumn  diarrhoea  is  doubtless  at  times  produced  by 
direct  mechanical  irritation,  and  at  others  by  the 
aheorption  into  the  blood  of  septic  matters.  We  have 
most  of  us  in  our  memories  instances  of  persons  who 
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have  employed  no  other  water  than  that  from  a  pond, 
in  simmier  fall  of  insect  life,  for  all  domestic  puipoaei^ 
and  whose  health  has  not,  to  the  eye  of  a  casual  ob- 
server, suffered      I  have  known  a  man  who  died  at  the 
ripe  age  of  between  80  and  90  years,  and  who  boasted 
that  he  had  drunk  nothing  but  pond  water  for  between 
30  and  40  years.     I  have  also  known  a  man  who 
reached  the  age  of  90,  and  who  consistently  led  for 
about  50  years  a  most  drunken  and  dissolute  life. 
Information        It  has  been  urged,  as  a  serious  objection  to  the 
tuxonnd-  '  Wauklyu,  Chapman,  and  Smith  process,  by  those  who 
ing^etc.,  of  believe  in  the  Frankland  and  Armstrong  process,  thit 
■ample  of    an  opiuiou  of  the  smallest  value  cannot  be  foimed 
bo  fl^fi^v  of  ^  water  examined  by  the  former  process  without  the 
fullest  information  as   to   soil,  sitiiation   of  source  of 
water,  distance  of  possible  centres  of  pollution,  depth 
of  well,  etc.  etc.     Let  any  one  read  the  printed  in- 
structions of  Dr.  Frankland,*  sent  out  by  him  to  thoee 
who   collect  samples  of  water  to  be  analysed  in  his 
laboratory,  and  it  will  be  seen  that  he  requires  a  similar 
amount  of   information  for  his   own  guidance.     The 
reason   of  this   is  obvious.      Every  system  of  water 
analysis  at  present  known  has  its  weak  points,  some 

*  "  At  the  time  the  samples  are  forwarded  for  analysis,  give  the  fol- 
lowing particulars  : — (a)  From  what  source — Wells,  rivers,  or  streum' 
if  from  wells  (6),  describe  the  soil  and  subsoil,  and  also  the  water 
bearing  stratum  into  which  the  well  is  sunk  ;  (c)  the  diameter  and 
depth  of  well ;  {d}  the  distance  of  the  well  from  either  cesspools  or 
drains  ;  if  from  rivers  and  streams  («),  the  distance  from  the  source  to 
the  point  at  which  sample  is  collected ;  (/)  whether  sewage  or  other 
animal  polluting  matter  is  known   to  gain  access  to  river  or  stream 
above  the  point  of  collection  ;  if  from  springs  (g),  describe  the  stratum 
from  which  the  spring  issues  ;  {h)  state  whether  the  sample  is  taken 
direct  from  spring  or  otherwise,"  etc. 
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|i».>^rs>in:j:  more  tliaii  others  ;  arcordin^ly,  tlie  best 
niL'lhoJs  liave  to  be  fenced  around  with  certain  protec- 
tions against  error. 

It  is  a  golden  rule  in  water  analysis  never  to  give  ooidenraiet 
m  opinion  unless  the  antdyst  knows  (1)  the  nature  of  J^^iJiJi 
the  source  of  a  water — ^whether  it  comes  from  a  spring, 
01  well,  or  river,  or  rain  reservoir,  etc. ;  (2)  the  depth  of 
tlie  well,  if  it  is  withdrawn  from  one ;  (3)  the  geology 
of  the  district  from  which  it  is  derived,  together  with 
the  character  of  the  soil  and  subsoil ;  (4)  the  distance 
from  the  source  of  the  water  of  the  nearest  filth  or 
dnin.  Another  golden  rule  is  never  to  give  an  opinion 
IB  to  the  character  of  a  water  from  an  estimation  of  one 
ingtedient  only  in  the  water.  A  very  serious  mistake 
1m8  often  been  made  by  those  who  practise  the  ammonia 
piocees  of  water  analysis,  which  has  thrown  great  dis- 
oedit  on  the  chemistry  of  the  subject.  This  mistake 
has  been  to  deliver  an  opinion  on  the  quality  of  a  water 
^ch  has  been  solely  formed  from  a  determination  of 
^  amount  of  albuminoid  ammonia  contained  in  it. 
Tke  practice  of  tabulating  side  by  side  with  the  total 
Mkmn^  of  alb.  ammonia  in  a  water,  the  fact  of  the  ap- 
pearance or  otherwise  of  any  preventable  disease  amongst 
those  who  had  been  in  the  habit  of  employing  it,  an 
example  of  which  may  be  seen  in  Table  VII.  of  Dr. 
De  Chaumont's  Lectures  on  State  Medicine,  is  apt  to  be 
nualeading.  The  arrangement  of  a  table,  in  which  the 
(finion  of  the  analyst  as  to  each  water  (as  formed  from 
the  observance  of  certain  rules  for  guidance)  is  placed 
ixi  JTixtaposition  to  the  name  of  the  disease,  if  any,  ap- 
poiently  produced  by  it,  would  be  exceedingly  inter- 
esting and  of  great  practical  value. 


*  I. 
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Sanitaiy  authorities  will  sometimefi  piesent  to  s 
medical  officer  of  health  a  sample  of  very  diity  water, 
which  is  reported  to  come  from  a  well,  and  will  ask 
y\\m  whether,  if  the  well  is  cleaned  out,  the  water  wiD 
be  good.  This  question  can  only  be  partially  answered 
by  an  analysis.  The  hardness  of  the  water  can  be 
roughly  ascertained,  and  the  presence  or  absence  of 
objectionable  ingredients,  such  as  purgative  salts,  metals^ 
etc.,  can  be  determined.  A  muddy  water  has  often 
been  sent  to  me  derived  from  a  new  well  recently  dug, 
with  a  wish  that  I  should  ascertain  whether  there  is 
any  excess  of  organic  matter  in  it.  Such  an  enquiiy 
is  equivalent  to  the  following : — "  I  have  placed  filth 
(for  mud  contains  organic  matter)  in  the  water.  When 
ToiWd  I  cease  to  introduce  filth,  will  the  water  be  free  from 
JI2SSiydD«  *"^y  ^"  Here  are  examples  of  turbid  waters  from  new 
^«u^  wells  which  have  become  pure  after  repeated  removal 
of  their  contents  by  pumping : — 


Grains  per  Oaltjom. 

Pabtbpsr 

MlLUOKs: 
HlLLIORAMMX 

put  Litre. 

Dbobsa 

1 

1 

Nitrogen  as 

Nitrates  and 

Nitrites. 

Free 
Ammonia. 

Albuminoid 
Ammonia. 

• 

8 

« 

WeU    (25   ft.)    in 
gravel 

J|^rSept.l6(a) 
^.S     'oct  16  (f) 

51 

•  •  • 

•  •  • 

21 

7 

2  1 
2 

•  •  • 

t  •  • 

None 

•01 
•56 
•02 
•02 

•175 
•24 

•09 
•04 

13 

« •  • 

•  •  • 

•  •  • 
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The  estimation  of  the  nitrates  and  nitrites  is  raluahle 
1  rach  cases  as  the  above,  for  it  often  gives  infonna- 
m  leepecting  the  sorroundings  of  the  veil  The  medi- 
■1  officer  of  health  can  frequently  clear  up  any  obscurity 
hat  may  exist,  by  himself  visiting  the  veil  and  noting 
It  situation,  etc 

SuMHABY  OF  Data  on  which  to  base  an  Opiniok.    «„„», 

1.  /We  Ammonia — Its  amount.  ^  wucbi 

2.  ABmminoid  Ammonia — Its  amount  \    Smell  of    ^^' 

and  manner  of  distilling  j  distillates  ? 
over.  J 

3.  Nitrogen  as  Nitrates  and  Nitrites — Its  amount. 

Nitrates  or  Nitrites  ? 

4.  Sdid  Smduc — Its  amount.     Behaviour   with 

Hydrochloric  Acid.  Appearance 
Before,  During,  and  After  incinera- 
tion at  a  dull  red  heat.  Amount 
of  Volatile  matters. 

5.  (Morine — Ita  amount. 

6.  Hardness — Total,  Temporary,  Permanent. 

7.  Microscopic  Examination  of  Sediramt — Nature  of 

objects  observed. 

o    ir  1  I     )  r.  I  Existence   or   non-existence. 

8.  Metah.  <  Copper  >      ,,  ^  ^, 

J     J  I       If  present,  the  amount. 

9.  Mineral  I  Magnesia,  Salts  of  (Present  or  ab- 
Matters  <  Sulphates  s  sent.  If  present, 
cH^ectionahle '  Phosphates.  '  the  amount, 

if  in  excess. 

In  the  great  majority  of  cases  that  present  them- 
ulves  to  the  medical  ofQcer  of  health    a  complete 
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analTBis  of  this  sort  is  not  -wanted.  In  nine  cases  out 
of  ten  the  question  to  wbicli  an  answer  is  leqnired  is, 
as  to  whether  a  water  is  or  is  not  polluted  with  filth. 
To  reply  to  this  query  it  is  simply  necessary  to  ascer- 
tain the  amount  of  &ee  and  of  albominoid  ammonia.  If 
the  applicant  wishes  to  know  if  the  filth  is  of  aninal 
origin  or  decayed  vegetable  matter,  we  must  estimate 
the  quantity  of  chlorine  and  nitrogen  in  the  form  of 
nitrates  and  nitrites.  If  the  interrogation  is  submitted 
to  us  as  to  whether  or  not  a  water  devoid  of  filth  is  in 
other  respects  wholesome,  a  calculation  of  the  amomit 
of  solid  residue,  of  the  hardness,  etc,  is  ueedfuL 

It  is,  of  course,  desirable  in  vater  analysis  to  be 
able  to  appraise  each  determination  at  its  true  value 
in  a  definite  manner,  which  can  be  represented  in  figom. 
■■  Mr.  Wigner  has,  with  this  object  in  view,  constmcted  i 
table*  which  gives  the  values  in  degrees  of  impurity  of 
the  several  data  on  which  an  opinion  is  to  be  based. 
5  gn.  total  Bolida 
]  gT.  lou  an  ignition 
1  gr.  cblorine  etlcokted 

cMoride  of  aodinm 
■0200  gr.  free  iniinonU 
'0010  gr.  albuminoid  un- 

'1000  gr.  nitnto 
'0020  gr.  nitritei 
'0100  gr.  oijrgen  Absorbed 
G  degree*  toUl  hanlncas 
Tncesoflead  . 
Ditto  copper    . 
Hei«cb'a  nigar  teat    . 
Tstte,  good 
Ditto,  slight];  caline 
Ditto,  dectTed  lesrea 
Ditto,  flat  rain  «>t«r 


Tsite,  decidedly  oSeniiTe  .  = 

Smell,  flat  rain  water  = 

Ditto,  mine  .        .  •= 

Colour,  pale  yellow  ,        .  = 

Ditto,  yellow  green  .        .  = 

Ditto,  nrine  yellow  .  k 
Ditto,  opaque  yellow  in  2 

ft  tube        .         . 

Microscope^  bacterim .        .  » 
Ditto,  other  nnulargrowthi 

in  greater  qnantity      .  ' 

Ditto,  few  living  oTganisms  =< 

Ditto,  animal  remains  =] 
Ditto,  nrea  and  aratea  and 

muscDlar  fibte  .  =1 

Soapended  matter,  tracea  .  s 

Ditto  heavy  .  ~ 


■  Analvil,  Haich  1878. 
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The  leas  the  sum  total,  on  adding  up  the  degreea 
impurity  of  a  water,  the  better  its  quality.  A  vala- 
or  below  35  indicates  a  first  class  water ;  one  between 
5  and  55  a  second  class;  and  one  between  55  and 
5  a  third  class  water,  which  is  of  a  suspiciously  dan- 
aous  character ;  whilst  waters  giving  a  hi^er  value 
iin  75  should  bo  considered  as  sewage.  The  tnetro- 
i^itan  companies  furnish  waters  that  show  a  value  on 
his  scale  ranging  between  15  and  22. 

This  table  is  unfortunately  inaccurate  and  mislead- 
]g  in  many  ways.  Chlorine  (1  gr.)  for  example,  is  esti- 
oated  as  one  degree  of  impurity  without  regard  to  the 
tiBta  from  which  a  water  is  derived.  I  can  point  to 
ntere  of  marvellous  purity  possessing  more  than  thirty 
tana  per  gallon  of  chlorine.  A^tin,  the  value  of 
litrates  and  nitrites  from  a  very  deep  well  water,  com- 
og  from  the  chalk,  is  the  same,  so  far  as  the  table  is 
oDcemed,  as  that  from  shallow  wells  m  porous  soils 
tt  lemoved  from  chalk.  Some  artesian  waters,  be  it 
In  remembered,  of  the  greatest  purity,  are  of  a  pale 
t»w  tint.  Again,  the  water  of  a  nevj  well  often  con- 
lins  a  little  sand  or  silica  which,  being  heavy,  sub- 
ides  readjly,  and  is  consequently  not  swallowed,  yet 
*o  d^rees  of  impurity  are  attached  to  this  fault. 
4Rtly,  the  smell  of  some  waters  from  clay  soils  disap- 
«aB  on  exposure  to  the  air,  and  yet  this  defect 
f  registered  as  two  degrees  of  impurity ;  whilst  the 
line  assigned  to  the  presence  of  such  highly  objec- 
ionable  bodies  as  bacteria  is  represented  by  the  num- 
w  three. 

The  knowledge  of  the  composition  of  the  good  well 
►ater  of  the  locality  from  which  the  sample  comes, 
fhich  a  medical  officer  of  health  imperceptibly  acquires 
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after  a  time,  often  aids  him  in  detennining  the  nat 
of  the  water  brought  to  him  for  analysis. 


ipilBg 


A.   DIAGNOSIS  AND  FORMATION  OF  AN  OPINION. 

1.  The  amount  of  organic  matter  in  the  best  spr 
waters — 

Millignunmes 
per  litre. 
Spring  water  A.  Free  ammonia  "005.   Albuminoid  ammonia  * 
«         „      B.  „  -000.  „  „ 


^^^  2.  A  good  water  for  drinking  purposes  should  i 

contain  more  than 

Millignunmei 
per  litre. 

Free  ammonia  .  .         *01  or  '02. 

Albuminoid  ammonia        .         .         *08. 

^otsMUnu  3.  A  water  which  possesses  the  following  amotu 
of  the  two  ammonias  is  classed  amongst  the  suspick 
waters.  I  have  frequently  noticed  such  waters  as ' 
longing  to  shallow  wells  surrounded  by  soil  on  wk 
soapsuds,  etc.,  are  sometimes  thrown. 

Milligrammes 
per  litre. 
Free  ammonia  .         .         *01  or  *02. 

Albuminoid  ammonia        .         .         *12. 

The  suspicion  of  contamination  is  strengthened  if 
chlorides  (in  districts  where  these  salts  do  not  abou 
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and  nitrates  (H'  nitrites  (in  iion-clialkv  districts)  arc  in 
excess.  An  excess  or  increase  of  the  amount  of  saline 
residue  is  of  unfavourable  omen  in  the  case  of  a  doubt- 
ful water,  for  polluted  waters  generally  contain  a  larger 
amount  than  pure  waters  coming  from  similar  sources, 
although  it  cannot  of  course  be  said  that  a  water  which 
ia  highly  saline  is  for  that  sole  reason  to  be  suspected. 
4.  A  water,  with  or  even  without  an  excess  of  free 
ammonia^  which  displays  a  laiger  amount  of  albuminoid 
ammonia  than  '15  milligramme  per  litre,  should  always  watonde- 
be  condemned  if  there  is  an  excess  of  nitrogen  as  SJ^mnatkoT 
nitiates  and  nitrites  (in  non-chalky  districts),  and  an 
excess  over  the  average  of  the  district  of  chlorides.  If 
the  nitrates  and  nitrites  should  not  be  in  excess,  but 
the  chlorides  be  considerably  above  the  average  of  the 
district,  the  water  should  still  be  denounced  as  unfit 
for  drinking.  If,  with  the  above-mentioned  excess  of 
organic  matter,  the  nitrates,  nitrites,  and  chlorides 
should  be  insignificant  in  quantity,  we  should  not  form 
w  unfavourable  an  opinion  of  the  water,  but  would 
roapect  the  organic  matter  to  be  of  vegetable  origin — 
»  new  which  would  be  strengthened  or  rebutted  by 
other  evidence,  such  as  that  derived  from  a  microscopic 
oxamination  of  the  deposit  &om  the  water,  etc. 


Witer  from  sprinff  pond 
dtoAted  in  middle  of  a 
meidow..     Water    al- 
ways    numing    from 
pond  .... 

Oraimi  pke  Oalldit. 

Milligrammes  pbb 
Litre. 

Chlorine. 

Nitrogen  as 

Nitrates 
and  Nitrites. 

Pree 
Ammonia. 

Alb. 
Ammonia. 

4-6 

•1 

t   -08 

•18 

The  amount  of  chlorine  does  not  exceed  that  found 

M 
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in  the  purest  waters  of  the  district.  Entomostiaca 
noticed  in  it.  Sediment  consists  of  confervse.  Such 
a  water  cannot  be  condemned,  but  would  simply  be 
described  as  somewhat  dirty.  If  the  spring  wen 
enclosed  by  brickwork,  so  as  to  prevent  the  entrance 
of  surface  impurities,  the  water  would  be  perfectly  pnie. 
Here  is  the  analjrsis  of  a  water  from  a  draw-well 
situated  close  to  a  dusty  highway  road,  in  a  district 
where  the  purest  waters  contain  an  excess  of  chlorine  >— 


GRAUm  PSB  Oaluw. 

If  Ti.T.TonAimi  m  l4rra& 

R 

Chlorine. 
6-8 

Nitrogen  M 
Nitnteeand 
Nitrites. 

•2 

•01 

•14 

Waten 
pollnted 
wtth  animal 
Batten. 


Such  a  water  is  simply  fouled  to  some  extent  with  surface 
impurities.  K  a  pump  were  substituted  for  the  bucket, 
etc.,  the  water  in  all  probability  would  be  quite  pure. 

5.  If  a  water  exhibits  an  excess  of  fi'ee  ammonia 
and  an  excess  of  albuminoid  ammonia,  with  an  excess 
of  nitrates  and  nitrites,  that  water  is  polluted  with 
animal  organic  matter,  e,g,— 


Bamplks. 

Gkains  FSB  Oalloh. 

If  ILLIORAMMB  PIB  Lntf 

s  Part  per  Milliov. 

Solids. 

Chlorine. 

Nitrogen 

as 
Nitratea 

and 
Nitrites. 

Free 
Ammonia. 

Albt- 
AnuDOOi^ 

Waters  from  wella  pol- 
luted by  fool  soil  of 
churchyard — 

A         .        . 
B 
Water  of  well  polluted 
by  manure  of  garden 

94 

•  •  • 

•  •  • 

11 

•  •  ■ 

•  •  • 

Abundant 
Abundant 

2*4 

•12 
•4 

•12 

•82 
•52 

•20 
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6.  If  a  water  possesses  a  large  excess  of  albuminoid  watanMs- 
unmonia,  and  but  little  or  no  excess  of  free  anunouia,  .^h  t^»- 
ind  an  insiguificaat  amount  of  chloridea  and  nitrc^n  ^^?^^ 
nits,  tbere   is  strong  pteeumptiye  evidence  that  the 
mter  is  contaminated  with  vegetdbU  organic  matter. 

tf.  Well  vatei  fooled  with  rotten 

lesTce          ....     Free  ammoiiia         .  -Oft 

{AMe  lUD-water  enten  the  well}     Alb.  AmmoiUA,  *30 

A.  B. 

Well  wEt«n  Mudeied  impura  li;     Free  ammonu,  01  None. 

the  decayed  roots  of  trees      .     Alb.        „         -37  'SB 

No  excess  of  nitrogen  as  nitrates  and  nitrites  in 
either  of  these  three  wateia. 

Some  peaty  waters  are  an  exception  to  this  rule. 

*f.  Spring  on  Dartmoor,  Devon 

(wUer  Tei7  blown)     .         .       Free  ammonia,  '03 

Alb.         „         -11 
Wita  bom  peaty  well  .       Free         „         .06 

Alb.         „         -08 

Peaty  waters  often  yield  equal,  or  nearly  equal, 
uooQnts  of  free  ammonia  and  albuminoid  ammonia. 
When  equal,  or  nearly  equal,  amounts  of  albuminoid 
Bnmonia  pass  off  in  each  distillate,  strong  evidence  is 
■Swded  that  the  organic  matter  is  of  vegetable  origin, 
■Ithongh  we  mitst  not  conclude  that  when  the  alba- 
ninoid  ammonia  does  not  come  over  in  that  manner 
(lot  the  organic  matter  is  not  vegetable. 

I^fessoT  Wanklyn  tells  me  that  he  found,  on  ezperi- 
Btenting  with  the  albumen  of  the  egg  and  the  gluten 
ft  wheat  this  very  important  difTerence,  as  regards  the 
nmuier  in  which  the  albuminoid  ammonia  often  yields 
tt  ammonia. 
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Vegetable  Oiganic  Matter. 

•04  or  -03 
•03  „  03 
•03  „  -03 


Animil  Oigmic  Matter. 

•06  or  •O? 
•03  „    085 
•01  „   005 


DiagaoslB  of 
apesty 


DLiGNOSIS  OF  A  PkATT  WaTEB. 

SaUne  MattersrSnuH  in  qiiantity. 

Chlorine.  Do. 

Fne  Ammonia. —  )  -c      ,  i  ^   . 

Alb.  Ammonia.—  f  ^"^^^  ^  ^^^^  equal,  m  amount 

Hardness. — ^Very  little. 

Niiroj^  as  Nitrates  and  Nitrites. — NU,  or  almost  nil 
Vdaiile  Matters. — On  burning  solid  residue,  very  little. 
Behamour    of    Residue    during    Ignition, — It    blackens 
patches  or  waves,  which  colour  is  very  persistent 

NB. — Water  often  contains  some  hydrogen  sulphide. 


Fasti 

Bzamples  of  Water. 

GBiOira  PKB  Qalloh. 

XlLLJ 
MlLUO 

ml 

SoUdB. 

Yoktile 
Matters. 

Chlo- 
rine. 

Nitrogen  ae 

Nitrates  and 

Nitrites. 

Frt6 

AmoL 

Dr.  Shea 

1.  From  peaty  soil 

10-86 

•95 

1-85 

•25 

•066 

Do. 

2.  From    peat   in 
sand 

6-05 

•85 

1-4 

None. 

•04 

Author 

3.  Peat     spring ; 
hardness  2  or 
2i  degrees 

5  00 

1^40 

1-1 

•02 

•05 

Dr.  Shea 

4.  From  peat ;  soil 
contained  car- 
bonate of  iron, 
and  consisted 
of    a    chalky 
marl.     Water 
smelt  strongly 
of     hydrogen 
sulphide 

29 -SS 

1-57 

12 

•08 
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he  knowledge  of  the  source  of  the  water  will  pre- 

the  possibility  of  making  a  mistake  between  a 

r  vitiated  with  vegetable  organic  matter,  and  one 

ned  by  sewer  gases,  such  as  is  referred  to  on  page 

.  If  a  water  contains  an  enormous  excess  of  free  wat«n 
onia  and  an  excess  of  albuminoid  ammonia,  the  y^j^j^-.^; 


gest  evidence  is  afforded  that  a  cesspool  or  urinal  muten, 
slivering  its  contents  into  the  well     Urine  very 
Uy  decomposes,  and  developes  carbonate  of  am- 
a,  e,g. — 
V^ater  from  well  polluted  by  urinal : — 

Milligramme  per  litre. 

Free  ammonia,  above     I'O 
Alb.         „  „  -35 

lecessary  to  remember  that  rain-water  holds  in 

1  a  large  amount  of  free  ammonia,  derived  from 

which  it  washes  as  it  descends,  and  from  the 

th  which  it  is  generally  mingled ;  and  that,  in 

mce  of  the  uncleanliness  of  the  surfaces  that 

t,  which  are  often  stained  with  the  excreta  of 

is  apt  to  exhibit  an  excess  of  albuminoid  am- 

Tt  is  desirable  not  to  confound  the  water  of  a 

ited  with  urine  with  water  commingled  with 

•water. 

inner  in  which  the  free  ammonia  comes  over, 
lateral  evidence,  almost  render  such  an  acci- 
nble. 

llling  -J  litre  of  rain-water  collected  on  a 
1  the  country,  which  presented  a  slightly 
ance,  I  obtained  the  following  result : — 
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Froo  amiiiuiiia  '35 

•25 
•12 
•09 
•09 
•04 
•03 

•97 

I  took  off  7  distillates  of  50  c  c  each,  and  did  not 

come  to  the  end  of  the  free  ammonia  in  this  ^  litre  of 

water. 

In  the  case  of  a  water  polluted  with  urine,  the  free 

ammoiua  passes  over  in   a  wholly  different  fashion, 

e,g.,  in  ^  litre. 

Free  ammonia  '38 

•14. 
•065 
•036 


rtiM, 


•620 
In  litre  above  1  *0  part  per  million  =  milligramme  per  litre. 

KAiii-^t0r         The  following  differences  between  rain-water  and 
Jjj^'     urine-polluted  water  should  cdso  be  borne  in  mind : — 
oUnted  bj        (a.)  Particles  of  soot  may  generally  be  seen  in  rain 
by  the  naked  eye,  or  by  the  aid  of  the  microscope, 
which  are  absent  in  the  latter. 

(6.)  The  latter  will  probably  contain  an  excess  of 

nitrates  unless  actual  sewage  pollutes  the  water,  whilst  the 

former  will  probably  exhibit  only  a  trivial  amount,  or  none. 

(c.)  The  latter  will  possess  an  excess   of  chlorine, 

whilst  rain  will  not,  unless  it  falls  near  the  sea. 

(d,)  The  latter  will  display  a  greater  or  less  degree 
of  hardness,  whilst  the  former  will  be  soft. 
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DiAONOBIB  OP  POLLXTTION  BT  XjRnnS,  OB  BT  SlOP  AND 

Sink  Wateb. 

Free  Ammonia, — Overwhelming  amount,  £rom  *50  to  2 
milligramme  per  litre. 

Albuminoid  Ammonia, — ^Ezcesaiye.  Often  about  *3  or  *4,  or 
even  *6  milligramme  per  litre. 

Chlorine, — Qenerallj  in  large  excess. 

Nitrogen  as  Nitrates  and  Nitrites, — In  either  minute  amount, 
>r  in  large  excess. 


DUgnotis 
ofpoUntion 
by  alops, 
etc. 


•r 


>r 


Examples. 


Water  from  well 
close  to  broken 
sink  pipe 

Water  from  artesian 
well  into  which 
drain  conveying 
urine  from  stable 
leaked 


QRAnm  PBR  Qalloh. 


SoUdB. 


50 


Same    after    diver- 
sion of  drain 


Wat«r  fW>m  a  Shallow 
Well. 


Before 


.After    , 


Foliation  bj 
>  contents  of 
Drain. 


VolatUe 
Matters. 


76*6 


103 


Chlo- 
line. 

9 


8-2 


Nitrogen  as 

Nitrates  and 

Nitrites. 

None    . 


Abundant 


7-8 


12-8 


16 


MlLUORAMMS 
PER  LiTRX  s 

Past  PER 

MiLUOH. 


Free 
Amm. 

Very 
abund- 
ant 


•61 


•04 


•01 


•69 


Alb. 
Amni. 

•36 


•81 


•08 


•07 


•28 


The  com- 
paratlTely 
small  pro- 
portion of 
me  am- 
monia was 
due  to  the 
admixture 
of  the  urine 
with  a  Tast 
quantity  of 
water  in 
this  deep 
welL 


Fersistent 
uncontroll- 
able diar- 
rhoM  pro- 
duced. 
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Dr.  Shea  has  kindly  sent  me  paiticQian  of  an  inte- 
resting case  where  a  new  cesspool  was  constnictod 
about  thirty  yards  fiom  a  well  to  receive  slop  wateL 
Fourteen  days  after  its  completion  the  water  of  tbe 
well  was  noticed  to  taste  unpleasantly.  On  analysis 
it  proved  to  contain  neither  free  nor  albuminoid  am- 
monia in  excess,  for  the  intervening  earth  acted  as  a 
filter.  No  less  than  17'5  grains  per  gallon  of  chlorine 
were  found  in  it,  whilst  neighbouring  unpolluted  wells 
possessed  only  1*5  to  2*3  grains  of  chlorine  per  gallon. 


i^H^Mi*         Diagnosis  of  Pollutios  bt  Oohtxstb  or  Cessfooub  ahd 

oyssvifk 

A  glance  at  the  following  examples  of  wateis  pol- 
luted by  cesspools,  and  by  soil  containing  a  large  excess 
of  decomposing  animal  matters,  reveals  immediately  the 
difference  in  the  results  obtained. 


SunplM. 

GBAi2npni 
Gallon. 

MlLUORAMlIB 

PER  LmUlas 

PAKTPSa 

MiLuoar. 

Solidf. 

Chlorine 

Free 
Amm. 

AlK 

Water  from  shallow 
well  near  K.  H. 
B. 

Water  from  shallow 
well  at  A.  L.  B. 

101 
50-4 

12-5 
6-9 

Above 
10 

Above 
1-0 

•24 

• 

•50 

Polluted  by  lesky 
cesspool  Typhoid 
fever  and  diph- 
theria    amoi4;st 
the  owners. 

Accidental  overflow 
into  well  of  cess- 
pool       contents 
which,      having 
been     the    iwa- 
pient  of  the  spe- 
cific    Twison    of 
tvphoia,     spread 
the  disease. 

f 
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Frer  ATmnornn. —  In  lar^^p  excess. 

Alhuininuid  Ainmonia. — In  excess. 

Chlorine  somewhat  in  excess,  but  not  so  marked  as  when 
ilop  water  is  the  polluting  agent. 

Nitrogen  a»  Nitrates  avd  Nitritei, — If  sewage  passes  directly 
iBio  a  well — ^none.  If  sewage  travels  through  some  intermediate 
«itli— generally  an  excess. 

8,  Waters  of  shallow  weUs  in  towns,  the  soil  of  unMre 
which  is,  for  the  most  part,  more  or  less  filthy,  or  near  ^^^'^ 
dnuchyaids,  if  found  to  contain  an  excess  of  nitrates 
and  nitrites,  solid  residue,  and  chlorides,  should  be  pro- 
noonced  as  unsafe,  although  the  amount  of  free  and 
ilbnminoid  anmionia  should  be  insignificant,  for  we 
can  never  tell  when  the  earth  may  cease  to  act  as  a 
filter  by  oxidizing  the  filth. 

In  forming  an  opinion  as  to  the  condition  of  a 
water,  we  should,  in  weighing  the  evidence  afforded  by 
the  ammonia  process  for  organic  matter,  adhere  strictly 
to  the  standards  of  purity  that  have  been  laid  down 
after  infinite  toil,  for  the  quantities  yielded  by  it  are 
only  firactions,  although  constant  ones,  of  the  total 
quantity  present.  We  should  be  extra-exacting  as  to 
pnrity  in  judging  of  a  river  water  that  has  been  pol- 
luted at  some  points  of  its  course  with  the  manure  of 
fields  and  indescribable  filth,  for  these  river  waters 
contain  every  now  and  then  undigested  portions  of 
human  excreta  in  addition  to  living  organisms  visible 
by  the  aid  of  the  microscope,  and  the  accompaniments 
rf  aU  life  in  water — namely,  dissolved  and  suspended 
oiganic  matter  on  which  these  same  organisms  feed. 
Septic  poisons,  or  the  poisons  of  the  zjrmotic  diseases, 
attach  themselves  to  organic  filth  imdergoing  putre- 
&ctive  decomposition,  in  which  they  find  an  appro- 
priate nidus   for   development.      It    is    questionable 


opbikm. 
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wlirtlicr    siicli    rivers    slioiild    ever    l>e    empluved    as 
public  supplies,  for,  if  the  sewage  of  towns  and  villages 
on   their  banks  be  diverted  and  utilized  on  the  land, 
the  washings  of  manured  fields  cannot  during  periods  of 
flood  be  altogether  excluded.     If  such  rivers  are  used 
for  drinking  purposes  an  extra  degree  of  purity  should 
be  demanded  of  them. 

B.   PREPABATION  OP  BEPOBT. 

Beportor  The  opinion  of  a  water  having  been  formed  on  a 

sound  basis,  its  delivery  is  a  very  simple  matter.  The 
modes  of  statement  of  the  results  of  water  analysis  are 
so  various  that  they  produce,  even  amongst  medical 
men,  endless  confusion.  ''  Chlorine  calculated  as 
chloride  of  sodium,"  "  Loss  on  ignition  after  deducting 
combined  carbonic  acid,"  are  samples  of  the  most  recent 
eccentricities.  Why  other  chlorides  in  drinking  water 
should  be  entered  as  common  salt,  and  why  combined 
carbonic  acid  should  be  alone  excluded  from  the  loss 
on  incineration,  are  peculiarities  for  which  it  is  quite 
impossible  to  find  any  valid  reason.  Some  analysts 
express  themselves  in  parts  per  100  or  per  100,000, 
or  in  parts  per  million,  whilst  others  make  an  estimate 
in  grains  per  gallon  or  milligranmies  per  litre.  Oxidized 
compounds  of  nitrogen  are  entered  by  some  as  nitric 
acid,  by  others  as  nitrates,  and  by  the  majority  as 
nitrogen  in  the  forms  of  nitrates  and  nitrites.*  In  order 
to  prevent  such  differences  in  the  modes  of  calculation, 
which  occasion  so  much  annoyance  amongst  the  public, 
one  uniform  plan  of  drawing  up  reports  should  be 
universally  adopted.    I  find  that  a  form,  of  the  accom- 

*  Vide  **  Rules  for  Conversion  of  Different  Expressions  of  Resolts 
of  Analysis,"  in  Appendix. 
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[g  description,  is  most  conyenient  for  conveying 
K)rt  to  the  sanitary  authority  or  other  applicant : — 


Sanitary  Authority, 
187 


Analytical  Repobt. 


:  AKD  DESCRIPTION  or 
(  SAMPLE  or  Watkb. 

Orainii  per  Gallon. 

Farts  per 
Million. 

Hard- 
ness. 

Solids. 

Chlorine 

Nitrogen 
fh>oi 

Nitrates 
and 

Free 
Am- 
monia. 

Am- 
monia 

fh>m 
Organic 

Degrees. 

^ 

Nitrites. 

Matter. 

>0N    WATER   SUPPLY 

unes)        .        .        «        . 

18-6 

1-2 

•16 

0-01 

0-09 

14 

IT  River)  .... 

177 

1-1 

•17 

0  00 

006 

16 

at  Company)    . 

nd  Water.  Tliamea  Water 

26-5 

21 

•80 

001 

0-02 

21 

«ondon  Bridge  . 

•  •  •  • 

• . . . 

4-00 

1*02 

0^69 

•  •  •  • 

Sprins  Water  which  sup- 
s    vilULge    of   Woodham 

X^T           a                     •                    •                     •                     • 

21 

2-4 

•20 

000 

0-01 

0 

Water  trom  Shallow  Well 

Lh  25  feet .... 

30 

7 

•07 

0-01 

005 

18 

Waters    from    Artesian 

(IWA 

87-7 

•03 

001 

002 

H 

Is,    of  different   depths, 

\ 

ch  supply  a  Village  . 

(  980 

87-6 

•00 

0*68 

0^01 

H 

Memoranda  as  to  Water  Analysis. 


wishes  to  have  his  or  her  drinking  Water  analysed  cU  ih«  Public  Bxpenm,  should 

Clerk  of  the Sani- 

ity,  for  an  order  from  this  Authority,  giving  the  reasons  for  his  or  her  reanest. 
»rity  considers  that  some  grounds  exist  for  thinking  that  the  Water  has  proanced 
I  likely  to  be  injurious  to  health,  the  Authority  will  issue  instructions  throiuh 
the  Medical  Officer  of  Health,  who  will  on  receipt  of  the  sample  from  the  m- 
uisances,  analyse  the  water  as  soon  as  possible,  and  communicate  the  result  to 
t. 

of  either  of  the  Combined  Sanitary  Authorities  and  any  qualified  Medical  man 
I  the  Combined  Districts  who  wishes  to  have  hit  own  drinking  Water  analysed, 
^unictUe  dirtct  with  the  Medical  Officer  of  Health. 

Medical  man  practising  in  the  Combined  Districts,  who  considers  it  expedient 
oking  Water  or  a  Patient  on  whom  he  is  in  attendance  iriiould  be  Analysed  at  tke 
Me,  Mould  communicate  dirtct  with  the  Medical  Officer  of  Health. 
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CHAPTER  XVI. 


CONCLUDING  BE1CABK& 


oondnding  READERS  of  the  foregoing  pages  will  have  perceived 
that  1  do  not  recommend  the  complicated  and  tedious  | 
process  of  Frankland  and  Armstrong,  and  that  1  cannot 
advise  the  sole  unaided  adoption  of  the  beautiful  pio- 
cess  of  Wanklyn,  Chapman,  and  Smith,  nor  the  piac- 
tice  of  the  quantitative  permanganate  of  potash  proceeB 
which  is  often  misleading.     Whilst  agreeing  with  the 
inventors  of  the  first  process  as  to  the  necessity  of  re- 
garding the  amount  of  nitrogen  as  nitrates  and  nifcriteB 
in  a  water,  I  totally  disagree  with  Mr.  Wanklyn  in 
relying  solely  on  the  indications  of  the  Nessler  process, 
to  the  exclusion  of  an  estimation  of  these  products  of 
oxidation  and  other  valuable  data  on  which  an  opinion, 
should  be  based.     Fallacies,  imdoubtedly,  attend  Dr- 
Frankland's  lengthy  method,  and  Mr.  Wanklyn's  rapid 
method ;  and  still  greater  errors  are  associated  with  the 
quantitative  permanganate  of  potash  processes,  whatever 
those  who  are  disciples  of  these  several  methods  may 
think  to  the  contrary.     I  am  myself  indebted  to  each 
process,  more   especially   to  Mr.    Wanklyn's,   in  my 
studies  of  water  analysis.     The  method  which  I  almoflt 
daily  practise  and  recommend,  and  which  I  have  in  th© 
foregoing  pages  attempted  briefly  to  describe,  is,  it  will 
be  perceived,  a  modified  form  of  the  Wanklyn,  Chap- 
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limn,  and  Siniili  ])r()('(\^s.  1  (iiii  not  conscious  of  ever 
liaving  made  a  mistake  in  water  analysis.  This  suc- 
cess is  not  attributable  to  any  exceptional  skill,  but  to 
tlie  excellence  of  the  process,  which  I  designate  the 
"  Medical  Officer  of  Health  Method/'  because  it  is  par- 
tiecdarly  suited  to  his  wants. 

Eecipes  of  Standabd  Solutions,  etc.  »und«d 

NeasUr  Iteagent. 

Dissolve,  by  heating  and  stirring,  35  grammes  of 
iodide  of  potassium  and  13  grammes  of  corrosive  sub- 
limate in  about  800  cub.  cent,  of  distilled  water.  Add 
gradually  a  cold  aqueous  saturated  solution  of  corrosive 
sublimate,  until  the  red  colour  produced  just  begins  to 
le  permanent.  Add  160  grammes  of  solid  caustic 
potash  to  the  mixture,  which  is  then  to  be  diluted  with 
soffident  water  to  bring  the  whole  to  a  litre.  To  render 
the  test  sensitive  add  a  little  more  cold  saturated  solu- 
tion of  corrosive  sublimate  and  allow  it  to  settle. 

This  reagent  is  a  rather  troublesome  one  for  the 
medical  officer  of  health  to  make,  and  that  prepared  by 
different  persons  varies  somewhat  It  is  desirable  that 
eiveiy  one  shoidd  obtain  his  Nessler  test  from  one  and 
the  same  source.  Professor  Wanklyn,  in  the  interests 
of  the  process  of  water  analysis,  with  which  his  name 
is  identified,  superintends  the  manufacture  of  all  that  is 
8old  by  Messrs.  Townson  and  Mercer  of  Bishopsgate 
Street,  London,  which  he  guarantees  as  ''  quick"  or 
sensitive. 

Standard  Soap  SoltUion. 
10  grammes  of  Castile  soap  are  dissolved  in  a  litre 


174  BECIPE8  OF  STAKDABD  80LUTI0N& 

of  weak  alcohol  (35  per  cent).  If  35  per  cent  alcohol 
is  not  readily  procurable,  it  may  easily  be  prepared  \j 
mixing  29  oimces  and  15  minimB  of  distilled  water 
with  17  oimces  and  30  minims  of  rectified  8|Hnt 
(generally  84  per  cent),  which  is  everywhere  obtainaUa 
One  cub.  cent,  precipitates  one  milligramme  of  carbonate 
of  lime. 

This  standard  solution  will  not  remain  imchanged 
for  an  indefinite  time.  It  loses  strength.  It  is  wise 
to  make  a  small  quantity  of  fresh  solution  eveiy  thiee 
or  four  months.  One  and  the  same  water  was  reoendj 
examined  by  me  for  hardness  with  different  standazd 
soap  solutions  of  various  ages,  and  the  following  resnlti 
were  obtained : — 

(a)  19|  degrees. 
©  17         „ 
W  16         ^ 
(d)  18         „ 

W  17         „ 

It  is  useful  sometimes  to  verify  the  strength  of  a  soap 
standard  solution  by  the  help  of  a  solution  of  puie 
fused  chloride  of  calcium,  1*11  gramme  in  a  litre  of 
water.  One  cubic  centim.  of  the  standard  soap  solution 
should  precipitate  one  milligramme  of  carbonate  of  lime, 
which  is  the  exact  amoimt  present  in  one  cubic  cent 
of  the  chloride  of  calcium  verifying  solution. 


Dilute  Standard  Solution  of  Ammonia. 

Keep  two  solutions — ^a  strong  and  a  dilute.  To  pre- 
pare the  strong  solution  dissolve  3*15  grammes  of 
crystallized  saL  ammoniac  in  one  litre  of  distilled  water. 
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?o  pT^mre  the  dilute  solution  place  5  cub.  cent,  of  the 
tiong  solution  in  a  half-litre  flask,  and  fill  it  up  with 
JBtilled  water. 

Mingle  veiy  thoroughly  by  pouring  the  mixture 
ereral  times  irom  the  flask  into  the  bottle,  and  from 
be  bottle  back  again  into  the  flask.  The  dilute  solu- 
ion  contains  y^  uiilligranune  in  each  cub.  cent 


FtmuiTiganate  of  Potash  and  Cavsiic  Potask  Solution. 

Permanganate  of  potash  ciystallised,  8  granmies ; 
wdid  caustic  potash  in  sticka,  200  grammes;  distilled 
inter,  1  litre.  Boil  the  above,  ao  as  to  thoroughly  dis- 
solve the  chemicals  in  the  water,  and  until  about  ^  of 
the  solution  has  passed  off  as  steam,  to  dissipate  all 
unmonia,  Beplace  the  water  lost  in  boiling,  as  steam, 
by  adding  sufficient  distilled  water  to  bring  it  back  to 
tlielitte. 

Standard  SoliUion  of  Tfitrate  of  SUver. 

Dissolve  4'79  grammes  of  crystallized  nitrate  of 
nlver  in  1  litre  of  distilled  water.  One  cub.  cent,  pre- 
ttpitates  one  milligramme  of  chlorine. 


SANITARY  EXAMINATION 


AIR. 


SANITARY  EXAMINATION 


AIB. 


THE  PDBITT  OF  AO. 


CHAPTER  XVII. 
THB  PDBirr  OF  Aia. 


examiBatioD  of  air  for  aanitaiy  purposes  'itj 
sdical  officer  of  health  may  be  deemed  by  some 
'k  that  is  needless,  and  which  can  be  turned  to 
ictical  advantage.  If  preventive  medicine  and 
lion  is  ever  to  become  an  exact  science,  we  miist, 
ie  wlio  are  laying  its  foundations,  be  able  to  state 
:i8e  language  the  boundary  lines  between  whole- 
air,  air  to  which  it  is  undesirable  to  be  fte- 
y  exposed,  and  air  which  is  so  impure  as  to  be 
mfit  for  breathing;  and,  again,  between  the  latter 
lat  which  is  poisonous.  It  is  as  desirable  to 
the  composition  of  the  air  we  breathe  as  of  the 
we  drink.  Indeed,  it  is  more  important  to 
to  the  cleanliness  of  a  medium  in  which  we  are 
bathed,  and  which  is  continually  passing  into 
it  of  our  bodies,  than  of  that  which  is  only 
ually,  and  by  some  rarely,  introduced  into  an 
ivhich  contains  a  fluid  possessing  a  certain  anti- 
and  destructive  power  over  substances  injurious 
th.  The  insidious  and  indistinctly  recognizable 
ious  effects  on  the  health  of  a  continued  exposure 
human  frame  is  often  more  marked  in  the  case 
ure  air  than  of  impure  water.  The  train  of  evils 
owly  but  surely  laid  as  to  even  escape  the  obser- 
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yation  often  of  an  experienced  medical  man,  who  seeB 
in  a  case  of  blood  deterioration  by  impure  air  one  of 
imperfect  or  defective  assimilation,  anemia,  dyspepoi, 
hysteria,  disordered  biliary  functions,  or  one  of  those 
indefinite  and  chronic  ailments  which  lead  the  way  to 
the  development  of  some  visceral  disease.     What  i 
contrast  is  afforded  by  placing  a  representative  of  tbe 
rebreathed  and  otherwise  vitiated  air  trades,  who  pe^ 
haps  rarely  sees  the  sun,  by  the  side  of  one  whose  dailj 
occupations  are  such  as  to  give  him  the  fullest  benefit 
of  the  purest  air  and  the  freest  exposure  to  solar  li^l 
Bookbinders,  or  factory  girls,  or  miners,  from  one  of  oor 
towns  and  colliery  districts,  neither  of  whom  are  exposed 
to  any  distinctly  poisonous  influences,  may,  for  example, 
be  compared  with  sailors.    The  former  are  pallid,  jaded, 
sallow,  afraid  of  fresh  air,  with  uncertain  and  capricious 
appetites,  the  normal  functions  of  the  body  liable  to 
continual  disturbance,  excitable,  generally  affected  with 
a  craving  for  stimulants — alcohol  in  the  male,  tea  in 
the  female — to  temporarily  alleviate  their  sensations  of 
depression,  whose  lives  are  brief,  their  average  duration 
being  known  by  all  insurance  companies  with  mathe- 
matical precision;  whilst  the  latter — namely,  the  jack 
tars — present  a  totU  ensemble  indicative  of  the  highest 
degree  of  health  and  buoyancy  of  spirits,  which  is  so 
well  known  as  not  to  need  description.     The  sailor 
likes  his  occasional  drinking  bout  when  he  goes  on 
shore  to  enjoy   freedom,  after   the    confinement  and 
tedium  of  a  voyage,  but  is  no  "  soaker."     The  moral 
condition  of  a  class  is  intimately  associated  with  its 
physical  state,  but  a  consideration  of  this   connection 
would  lead  us  too  far  away  from  the  scope  of  these 
pages. 
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Uedical  officers  of  health  should  be  in  a  position  to 
itate  accurately,  when  lequiied,  if  any  given  air  ia  or 
is  not  deleteriouB  to  the  health  of  the  body  continually 
n  frequently  expoaed  to  its  influence.  Provided  that 
they  could  positively  lay  down  the  limit  beyond  which 
She  organic  matter  and  carbonic  acid  of  our  rooms,  in 
riiich  the  majority  of  ue  spend  the  greater  portion  of 
Rir  lives,  shotUd  not  pass,  then  architects  and  in- 
rmtors  would  soon  find  out  some  simple,  efficient, 
md  economical  mode  of  ventilating  our  houses  and 
public  buildings,  which  are  nearly  aU  afflicted  with 
filthy  air ;  and  our  mortality  from  diseases  which  we 
know  now  to  be  indirectly  preventible,  or  capable  of 
eoDsiderable  reduction,  such  as  consumption,  bronchitis, 
ud  other  pulmonary  affections,  would  be  materially 
lenened. 

Pure  air  contains  the  following  bodies : — 

CoMPOsmoH  OF  Air. 

Oiygm  (Ozone,  an  active  form  of  Oxygen, 

which  varies  in  amount)         .      209-6 

Ktresm 790- 

Cubonic  Acid    .....  '4 

Ibitture  varying  with  temperature. 

ArRFMfe  of  Hydrogen         1  ■      . 

u:  7  IT-,  ■     J  ■  T     r  occasional  components. 

mtroia  ana  NitTie  Acids  )  '^ 

Organic  Matter  ) 

r 


MMnonia 


y  very  mmute  traces. 


Ihe  purest  air  ia  to  be  found  on  mountains,  moors,  or 
&r  away  from  contaminating  and  polluting  agencies, 
nch  Bs  i^jtegations  of  men  and  animals,  manufactories. 
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Oxygen. 


etc  There  is  an  ample  pTOvision  in  nature  for  < 
ing  ihe  imparities  of  the  air  produced  hj  man,  es 
the  organic  suhetances,  some  kinds  of  which 
when  they  decompose,  injurious  and  often  dang 
him.  Ozone,  peroxide  of  hydrogen,  and  nitro 
are  the  three  great  purifying  agents  contained 
air,  the  fiist  named  being  nearly  always  pre 
greater  or  less  quantity,  the  two  latter  being  th( 
productions  of  what  the  Germans  call  the  ' 
schlage,"  or  the  great  cleansing  operations  of 
such  as  the  precipitation  of  the  air-washer  rain, 
hail,  dew,  falls  of  snow,  etc. 

Oxygen, — The  following  results  of  analyse 
by  M.  Reynaidt  and  Dr.  A.  Smith  show  the  d 
firom  a  state  of  purity  of  air,  as  respects  i 
supporting  constituent,  oxygen  gas,  in  different  si 
and  imder  different  circumstances : — 


Oxygen  in  Air — Subimary  of  Averages 


By  Mods.  Reynaolt 


100  from  Paris 


9 

30 

10 

23 

15 

6 

1 

S 


n 

V 

» 
n 

if 


Lyons  and  around 
Berlin        .         .         .         . 
Madrid       .... 
Geneya  and  Switzerland 
Toulon  and  Mediterranean   . 
Atlantic  Ocean  . 
Ecuador     .... 
Pichincha,  higher  than  Mont 
Blanc  .         .         i 


Mean  of  all  foregoing 
„    y,  the  Paris  specimens 


Yolmne 
from  20-913  t 
20*918  t 
20*908  t 
20*916  t 
20*909  t 
20*912  t 
20*918  t 


W 
>9 

n 


jf 


99 


20*949  t 

20*949  t 
20*96 
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By  Dr.  Aagm  Smith.  Tolume  per  c«nt 

bote  and  open  heath  (ScotUukl)  .  20^08 

lat  43''  »',  loug,  W.  17°  12'  ...  20-99 

lb  (Scotland) 20-96 

rb  of  Hanchester  in  wet  weather  .  80-98 

a  da  do.  .         .         .  S046 

ter  circle  ef  Mancheater,  not  raiiiiEig  .  20-947 

I  of  Perth  20il3ft 

places,  btTouiable  weather     .  20i)82  to  20-95 

d  froet  in  Muicheiter  ....  20*91 

ing-room,  which  felt  doae,  but  not 

relj  so 20-69 

ilated  wards  in  three  London  hoapitala — 

20-92 

ht 20-688 

ig 20-884 

1  room  with  petroleum  lamp  .         .         .  80-84 

IT  six  boura 20*83 

atre,  11.30  pjl  20-74 

.0.30  PJL  20-86 

;kB  of  houBea  and  cloeeta        ....  20-70 

ivities  in  metalliferoaa  minea  (average  of  many)  20-77 

ta  „  „  „  ,         .  20-65 

(Queen's  Bench,  2d  Februarr  1866  .  20*65 

«nteni 20-49 

tfta  in  metallifeious  mines  (avenge  of  many)  .  20*424 

or  depressions  in  da  ....  20*14 

idles  go  out         ......  18'5 

;  specimen  yet  examined  in  a  mine         .         .  18-27 

cnit  to  remain  in  for  many  minntea       .         .  17-2 

By  Various  Sdentifie  Chentista. 

g  (mean  of  28  analysea)  Bnnaen  .  20-92 

umas  and  Sonssingaolt  *      ....  20*86 

„  „  ....  20-77 

K  Stas 20-8D 

M.  Marignac 20-78 

.  Brunner 20*76 

1.     Verver 2079 

ea .         .  20-81 

■  AmiaUtdt  ClumU.     lUl. 
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of  weak  alcohol  (35  per  cent).  If  35  per  cent  alcohol  - 
JB  not  readily  procurable,  it  may  easily  be  prepaied  bj 
mixing  29  ounces  and  15  Tn^niTna  of  distilled  water 
with  17  ounces  and  30  Trn'm'Tna  of  rectified  spint 
(generally  84  per  cent),  which  is  everywhere  obtainable. 
One  cub.  cent,  precipitates  one  milligramme  of  carbonate 
of  lime. 

This  standard  solution  will  not  remain  unchanged 
for  an  indefinite  time.  It  loses  strength.  It  is  wise 
to  make  a  small  quantity  of  fresh  solution  every  thiee 
or  four  months.  One  and  the  same  water  was  recentlj 
examined  by  me  for  hardness  with  different  standard 
soap  solutions  of  various  ages,  and  the  following  results 
were  obtained : — 

(a)  19j^  degrees. 

(b)  17         „ 

W  18         „ 
(e)  17         „ 

It  is  useful  sometimes  to  verify  the  strength  of  a  soap 
standard  solution  by  the  help  of  a  solution  of  pnie 
fused  chloride  of  calcium,  1*11  gramme  in  a  litre  of 
water.  One  cubic  centim.  of  the  standard  soap  solution 
should  precipitate  one  milligramme  of  carbonate  of  lime, 
which  is  the  exact  amount  present  in  one  cubic  cent 
of  the  chloride  of  calcium  verifying  solution. 


Dilvie  Standard  Solution  of  Ammonia. 

Keep  two  solutions — a  strong  and  a  dilute.  To  pre- 
pare the  strong  solution  dissolve  3*15  grammes  of 
crystallized  saL  ammoniac  in  one  litre  of  distilled  water. 
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To  prepare  the  dilute  solution  place  5  cub.  cent  of  the 
tiong  solution  in  a  half-litre  flask,  and  fill  it  up  with 
istilled  water. 

Mingle  very  thoroughly  by  pouring  the  mixture 
SYeral  times  from  the  flask  into  the  bottle,  and  from 
be  bottle  back  again  into  the  flask.  The  dilute  solu- 
ion  contains  y^tj  ii^iUig^^^unme  in  each  cub.  cent 


PermanffancUe  of  Potash  and  Caustic  Potash  Solution, 

Permanganate  of  potash  crystallised,  8  grammes ; 
(did  caustic  potash  in  sticks,  200  grammes;  distilled 
niter,  1  litre.  Boil  the  above,  so  as  to  thoroughly  dis- 
olve  the  chemicals  in  the  water,  and  imtil  about  \  of 
he  solution  has  passed  off  as  steam,  to  dissipate  all 
mmonia.  Beplace  the  water  lost  in  boiling,  as  steam, 
>y  adding  sufficient  distilled  water  to  bring  it  back  to 
he  litre, 

Staridard  Solution  of  Nitrate  of  Silver. 

Dissolve  4'79  grammes  of  crystallized  nitrate  of 
lilver  in  1  litre  of  distilled  water.  One  cub.  cent,  pre- 
ipitates  one  milligramme  of  chlorine. 


SECTION  II. 


SANITARY  EXAMINATION 


AIE. 


THE  PUSmr  OF  AIR. 
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CHAPTER  XVII. 


Tm  PURITY  OF  AIR. 

The    examination   of   air   for    sanitary   purposes    hj 
the  medical  officer  of  health  may  be  deemed  by  some 
»  work  that  is  needless,  and  which  can  be  turned  to 
no  practical  advantage.     If  preventive  medicine  and 
sanitation  is  ever  to  become  an  exact  science,  we  must, 
as  those  who  are  laying  its  foundations,  be  able  to  state 
in  precise  language  the  boundary  lines  between  whole- 
some air,  air  to  which  it  is  imdesirable  to  be  fre- 
quently exposed,  and  air  which  is  so  impure  as  to  be 
quite  unfit  for  breathing;  and,  again,  between  the  latter 
and  that  which  is  poisonous.     It  is  as  desirable  to 
blow  the  composition  of  the  air  we  breathe  as  of  the 
water  we   drink.      Indeed,   it  is  more  important  to 
ittend  to  the  cleanliness  of  a  medium  in  which  we  are 
always  bathed,  and  which  is  continually  passing  into 
tod  out  of  our  bodies,  than  of  that  which  is  only 
occasionally,  and  by  some  rarely,  introduced  into  an 
oigan  which  contains  a  fluid  possessing  a  certain  anti- 
septic and  destructive  power  over  substances  injurious 
b>  health.     The  insidious  and  indistinctly  recognizable 
deleterious  effects  on  the  health  of  a  continued  exposure 
of  the  human  frame  is  often  more  marked  in  the  case 
rf  impure  air  than  of  impure  water.     The  train  of  evils 
J8  80  slowly  but  surely  laid  as  to  even  escape  the  obser- 
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yation  often  of  an  experienced  medical  man,  who  sees 
in  a  case  of  blood  deterioration  by  impure  air  one  of 
imperfect  or  defective  assimilation,  ftnsPTnin^  dyspepoi} 
hysteria,  disordered  biliary  functions,  or  one  of  those 
indefinite  and  chronic  aihnents  which  lead  the  way  to 
the  development  of  some  visceral  disease.  What  a 
contrast  is  afforded  by  placing  a  representative  of  the 
rebreathed  and  otherwise  vitiated  air  trades,  who  pe^ 
haps  rarely  sees  the  sun,  by  the  side  of  one  whose  dailj 
occupations  are  such  as  to  give  him  the  fullest  benett 
of  the  purest  air  and  the  freest  exposure  to  solar  li(^t! 
Bookbinders,  or  factory  girls,  or  miners,  from  one  of  ov 
towns  and  colliery  districts,  neither  of  whom  are  exposed 
to  any  distinctly  poisonous  influences,  may,  for  example, 
be  compared  with  sailors.  The  former  are  pallid,  jaded, 
sallow,  afraid  of  fresh  air,  with  uncertedn  and  capricious 
appetites,  the  normal  functions  of  the  body  liable  to 
continual  disturbance,  excitable,  generally  affected  wiA 
a  craving  for  stimulants — alcohol  in  the  male,  tea  in 
the  female — to  temporarily  alleviate  their  sensations  of 
depression,  whose  lives  are  brief,  their  average  duration 
being  known  by  all  insurance  companies  with  mathe- 
matical precision ;  whilst  the  latter — namely,  the  jack 
tars — present  a  toiU  ensemble  indicative  of  the  highest 
degree  of  health  and  buoyancy  of  spirits,  which  is  sc 
well  known  as  not  to  need  description.  The  sailor 
likes  his  occasional  drinking  bout  when  he  goes  oi 
shore  to  enjoy  freedom,  after  the  confinement  aD< 
tedium  of  a  voyage,  but  is  no  "  soaker."  The  moi« 
condition  of  a  class  is  intimately  associated  with  i1 
physical  state,  but  a  consideration  of  this  connectio 
would  lead  us  too  far  away  from  the  scope  of  the£ 
pages. 
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cal  officers  of  health  should  be  in  a  position  to 
jurately,  when  required,  if  any  given  air  is  or 
leterious  to  the  health  of  the  body  continually 
mtly  exposed  to  its  influence.  Provided  that 
Id  positively  lay  down  the  limit  beyond  which 
nic  matter  and  carbonic  acid  of  our  rooms,  in 
le  majority  of  us  spend  the  greater  portion  of 
3,  should  not  pass,  then  architects  and  in- 
would  soon  find  out  some  simple,  efficient, 
Domical  mode  of  ventilating  our  houses  and 
)uildings,  which  are  nearly  all  afflicted  with 
• ;  and  our  morttdity  from  diseases  which  we 
w  to  be  indirectly  preventible,  or  capable  of 
ible  reduction,  such  as  consumption,  bronchitis, 
er  pulmonary  affections,  would  be  materially 

air  contains  the  following  bodies : — 


Composition  of  Aik.  ^mportuon 

of  pore  air. 

[Ozone,  an  active  form  of  Oxygen, 
which  varies  in  amount) 

•  ••••• 

^ICZCt       •  •  •  •  • 

varying  with  temperature. 

of  Hydrogen         )  .      i 

J  ^TM  '     A    J     J- occasional  components. 
arid  NitTie  Adds  j  ^ 


Matter  1 
a  I 


very  minute  traces. 


est  air  is  to  be  found  on  mountains,  moors,  or 
Y  from  contaminating  and  polluting  agencies, 
aggregations  of  men  and  animals,  manufactories. 
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etc  There  is  an  ample  prorisioii  in  natme  for  de 
ing  the  imparities  of  the  air  prodaoed  bj  man,  espe 
the  organic  substances,  some  kinds  of  which  be 
when  tiiey  decompose,  injurious  and  often  danger 
him.  Ozone,  peroxide  of  hydrogen,  and  nitrous 
are  the  three  great  purifying  agents  contained  i 
air,  the  first  named  being  nearly  always  prese 
greater  or  less  quantity,  the  two  latter  being  the  8 
productions  of  what  the  Crermans  call  the  "n 
schlage,"  or  the  great  cleansing  operations  of  i 
such  as  the  precipitation  of  the  air-washer  rain,  s 
hail,  dew,  faUs  of  snow,  etc 

Oxygen. — ^The  following  results  of  analyses 
by  M.  Beynault  and  Dr.  A.  Smith  show  the  des 
from  a  state  of   purity  of   air,  as  respects  its 
supporting  constituent,oxygen  gas,  in  different  situ 
and  under  different  circumstances : — 


0XYGE2f  IN  AlB SUMMABT  OF  AVERAGES. 


By  Mono.  Reynanlt 
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Mean  of  all  foregoing 
„     ,1  the  Paris  specimens 


Volmne  pe 
from  20'913  to 
20*918  to 
20*908  to 
20*916  to 
20*909  to 
20*912  to 
20-918  to 


99 
99 
99 
99 
99 


99 


20-949  to 

20-949  to 
20*96 
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By  Dr.  AnguB  Smith.  Volmne  per  cent. 

9re  and  open  heath  (Scotland)  .  20*990 

.t  43»  5',  long.  W.  17'  12'  .  20-99 

3  (Scotland) 20-98 

3  of  Manchester  in  wet  weather  .  20-98 

da  do.  ...  S0*98 

T  circle  of  Manchester,  not  raining  .  20-947 

of  Perth  20-935 

iices,  favourable  weather  20-922  to  20*95 

frost  in  Manchester  ....  20-91 

g-room,  which  felt  close,  but  not 

sly  so 20-89 

ated  wards  in  three  London  hospitals — 

20-92 

t 20-888 

20-884 

room  with  petroleum  lamp  .  .  20*84 

six  hours 20*83 

tre,  11.30  PJL  20-74 

).30  P.M.  20-86 

cs  of  houses  and  closets        ....  20*70 

ities  in  metalliferous  mines  (average  of  many)  20*77 

n  n  n  '  •  20"66 

ueen*s  Bench,  2d  February  1866  .  20*65 

ntem 20*49 

ts  in  metalliferous  mines  (average  of  many)  .  20*424 

.         .  20*14 

.  18*5 

.  18*27 

.  17*2 


r  depressions  in  da 
lies  go  out         .... 
specimen  yet  examined  in  a  mine 
lit  to  remain  in  for  many  minutes 

By  Various  Scientific  Chemists. 

(mean  of  28  analyses)  Bunsen 
mas  and  Boussingault  * 


M.  Stas    . 
d.  Marignac 
Brunner 
Verver 


>» 


20*92 
20*86 
20*77 
20*85 
20*78 
20-75 
20-79 
20*81 


*  AnnaUa  de  Chimie,     1841. 
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The  reiDBrks  that  acGompanv  Dr.  A.  Smith's  ana- 
lyBes,  dealing  as  the  v  do  with  a  point  that  I  have  long 
wished  to  press  on  the  attention  of  the  sanitaiy  pablic^ 
are  worthy  of  weighty  consideration.    Some  people  will 
probably  inquire  why  we  should  give  so  much  attention 
to  such  minute  quantities — ^between  20*980  and  20*999 
— thinking  these  small  differences  can  in  no  way  influ- 
ence us.     A  little  more  or  less  oxygen  might  not  aflect 
us ;  but  supposing  its  place  occupied  by  hurtful  matter, 
we  must  not  look  on  the  amount  as  too  small     Sub- 
tracting 0*980  from  0*999,  we  have  a  difference  of  190 
in  a  million.     In  a  gallon  of  water  there  are  70,000 
grains ;  let  us  put  into  it  an  impurity  at  the  rate  of 
190  in   1,000,000;  it  amounts  to   13*3  grains  in  a 
gallon,   or    0*19   gramme  in    a  litre.      This   amount 
would  be  considered  enormous  if  it  consisted  of  putre- 
fying matter,  or  any  organic  matter  usually  found  in 
waters.     But  we  drink  only  a   comparatively  small 
quantity  of  water,  and  the  whole  13  grains  would  not 
be  swallowed  in  a  day,  whereas  we  take  into  our  lungs 
from   1000  to  2000  gallons  of  air  daUy.     K,  by  in- 
halation, we  took  up  at  the  rate  of  13  grains  of  un- 
wholesome matter  per  day — half  a  grain  per  hour— 
we   need  not  be  surprised  if  it  hurt  us.     Such  an 
amount  is  an  enormous  dose  of  some  poisons,  and  yet 
this  is  not  alK)ve  one  two-thousandth  part  of  a  grain 
at  every  inhalation.      It   is    marvellous  what   small 
amounts  may  affect  us,  even  when,  by  repeated  action, 
they  do  not  cumulate  as  certain  poisons  do.     We  com- 
menced by  assuming  very  small  shades  of  difference — 
namely,  190  in  a  million ;  but  if  we  examine  the  table 
we  shall  find  much  greater  quantities.   Take,  for  example, 
the  pit  of  a  theatre;  we  have,  by  subtracting  2074: 
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10*999,  a  difference  of  2590  in  a  million,  or 
es  more.  And  so  on,  we  may  go  to  the  lowest, 
we  have  17'2,  which,  taken  from  20*999,  leaves 
or  37,990  in  a  million,  or  200  times  more  than 
t  example. 

bonic  Acid. — It  has  been  experimentally  shown  carbonic 
le  quantity  of  carbonic  acid  in  the  air :  (1)  is 
in  the  night  than  by  day  on  land,  due  doubt- 
the  large  amount  evolved  by  vegetation  during 
ITS  of  darkness ;  (2)  is  slightly  increased  towards 
ad  after  rain ;  (3)  is  greater  in  the  air  collected 
he  ocean  by  day  (*05  per  cent)  than  by  night 
r  cent).  M.  Mdne*  has  found  that  the  pro- 
of carbonic  acid  in  the  air  varies  at  different 
,  being  constant  in  December  and  January, 
ing  in  February,  March,  April,  and  May,  and 
ing  from  June  to  August,  increasing  again  from 
ber  to  November,  and  attaining  its  maximum 
whole  year  in  October.  Saussure  discovered 
e  carbonic  acid  of  mountain  air  is  in  larger  pro- 
than  in  that  of  plains. 

observations  made  by  M.  Mari^-Davy  at  the 

•uris  Observatory,  which  is  situated  at  the  junc- 

Paris  with  the  country,  seem  to  furnish,  as  a 

luch  lower  results  than  are   obtained  by  Mr. 

in,  and  in  the  vicinity  of,  Glasgow.     Whilst  the 

age  ranges  between  02  and  '03  at  the  former 

it  somewhat  exceeds  '03  at  the  latter  stations. 

this  divergence  wholly  due  to  differences  in  the 

of  the  air  aroimd  Paris  and  around  Glasgow. 

is  a  very  strong  probability,  almost  amounting 

ainty,   that  it  is  partly  owing  to  the  greater 

*  Comptea  Bendus,  Ivii.  155. 
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speed  at  which  the  air  is  passed  thioii^  the  chenncd 
reagent  at  Montsouris  than  at  Glasgow.  M.  Maiii- 
Davy  transmits  air  throng  his  aspirator  at  the  rate  of 
aboat  10  cubic  feet  per  hoar,  whilst  Mr.  Dixon  sendi 
1  cubic  foot  of  air  through  his  absorbing  solution  in 
the  same  space  of  time.  Chemical  action  oonsumes  a 
certain  definite  time,  and  if  we  hurry  air  throng  a 
chemical  solution,  intended  to  withdraw  from  it  any 
body  which  it  contains,  too  rapidly,  the  air  is  not 
thoroughly  deprived  of  the  same. 

Becent  experimenters  have  found  a  larger  amcmnl 
of  carbonic  acid  on  the  summits  of  high  mountains 
than  on  their  sides  at  a  lower  elevation.  ( Vide  following 
Table.)  The  observations  made  by  M.  G.  Tissandier  in 
his  late  ascent  in  the  balloon  named  the  "  Zenith,"  are 
confirmatory  of  their  results,  for  he  found  at  an  altitude 
of  from  800  to  890  metres  that  the  amount  of  carbonic 
acid  in  the  air  was  '024  per  cent,  and  at  1000  metres 
*03  per  cent  *  Although  many  explanations  of  what 
must,  I  suppose,  be  admitted  as  a  fact  have  been 
attempted,  not  one  has  as  yet  been  oflfered  which  is 
altogether  satisfactory. 

As  in  the  case  of  the  amount  of  oxygen,  so  in  that 

of  the  quantity  of  carbonic  acid,  in  pure  or  moderately 

pure  air,  there  is  a  remarkable  absence  of  discrepancy 

in  the  analyses,  made  by  different  chemists  by  dissimiltf 

processes,  of   air   taken    under  similar  conditions  ix^ 

various  parts  of  the  world.  Per  cent* 

Mean  of  18  analyses  on  Lake  Qeneva,  by  SaiuBiire  f   .     *0439 
Air  of  Madrid  outside  the  walls.     Mean  of  12  analyses 

by  Luna  t '046 

•  Comptea  Jtertdua,  12th  April  1876. 

t  Ann.  de  Chem,  ei  de  Phya,,  yoL  xUy.     1880. 

t  Edudiaa  quimieos  $obre  et  aire  almosftrico  de  Madrid.    1860. 
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fodrid  inrade  the  walla.     Mean  of  13  aiwlfKti 


•OBI 


llnuich,  bj  Pettenkofer  *       .         .         . 
nmmit  of  Uont  Blanc,  hj  FranUaud  t    . 
r  Iriah  Sea,  Jnlf  and  Angmt  (Di.  Thoipe)  { 
itaal  (April  and  Maj) 
•am  3000  feet      .         .  (A.  Smith)     -0336 

.tween  SOOO  and  300O  feet  .  „  '0338 

„       1000  and  9000  feet    .  „  -0334 

ilow  1000  feet -0337 

bottom  of  the  Bame  hilb  ....  *0341 
tin  Scotland  from  1000  to  4406  feet  .  .  -0338 
itreets  of  LondoD  (enrnmer)  ....  -0380 
London  parka  and  open  places  .         .     '0301 

Thames  at  London        .....     '0343 
Montaoom  Observatoiy,  near  Puu^ 
I  of  reanlts  for  six  months,  December  1876  to 

ay  1877 -0278 

e  streets  of  Glasgow  (R  M.  Dixon).     Mean  of 

mits  for  May  and  June  1S77  .         .  *O304 

\.W.  subnrlM  of  Leicester  (Weaver)  .         .     '0460 

tnduSirterbiuA  der  Chemie — Ventilation, 

>D  the  Air  of  Hont  Blanc  ; "  JmrKol  of  Chemieal  Saeittg.   1861. 

iimai  o/  ChemiaU  SocUty.     1867. 
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PAET    L 


DIFFERENT  KINDS  OF  DrPUBITIES. 


DURnmt 


The  air  is  deteriorated  in  quality  and  defiled  by — 
1.  Bespiration  *  and  Transpiration. 
^    ^  ,    2.  Combustion, 
itdeterio-    3.  Putrefactivo  processes,  sewage  emanations,  and  ex- 
^iTud  cremental  filtk 

dMiOtd.       4.  Gases,  vapours,  and  suspended   metallic,  mineral, 

and  vegetable    matters  given  oflf   by  trades  and 
manufactories. 
5.  Poisons  of  unknown  nature  evolved  by  damp  and 
filthy  soil. 

*  The  changes  that  are  found  to  have  taken  place  in  pure  air  thit 
has  been  respired  are  roughly  the  following  : — 

(1.)  100  parts  of  air  contain  only  13,  instead  of  about  21,  parts  of 
oxygen,  the  missing  8  parts  having  been  withdrawn  by  the  blood 
corpuscles  in  the  lungs. 

(2.)  The  '03  or  'Oi  part  per  cent  of  carbonic  acid  is  incresscd  to 
between  4  and  5  per  cent. 

(3.)  An  increase  of  watery  vapour  is  noted,  which  is  loaded  wiv 
organic  matter. 
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CHAPTEK  XVin. 

OHGANIC   MATTEE. 


Ll  ftir  contains  some  oiganic  matter,  which  may  be 
if  different  kinds.  It  haa  been  divided  into  (a)  the 
rholesome,  (b)  the  neutral,  (c)  the  putrid,  and  (d)  the 
irganized  =  dangerous  fonn. 

I  apprehend  that,  in  designating  any  paiticulBi 
ind  of  oi^anic  matter  as  vholesome,  it  is  not  intended 

0  convey  the  idea  that  the  pieseDce  in  air  of  this 
luiety  is  conducive  to  health,  but  rather  that  it  does 
lot  influence  health  in  one  way  or  the  other.  It 
nrald  be  as  well  perhaps  to  combine  the  "  wholesome  " 
nd  "  neutral "  into  one  class,  thus  malfing  only  three 
Bnettes.  It  may  be  said  at  the  outset  that  it  is  quite 
Dpossihle  by  chemical  means  to  distinguiflh  one  variety 

1  organic  matter  from  another. 

Organic  matter  may  be  of  an  animal  or  of  a  vege- 
>ble  nature,  but  the  sum  and  substance  of  all  the  most 
scent  observations  on  air  is,  that  the  bodies,  the  pre- 
euce  of  which  creates  the  difference  between  good  or 
ealthful  air  and  bad  or  deleterious  air,  are  mainly  of  a 
itrogenous  organic  character. 

Animal    organic    matter  is    thrown    off  from    the  ai 

>uigg  m  Tespiration,  and  from  the  skin  by  transpira- 

wn,  in  a  state  of  invisible  vapour  and  of  epithelial 

■lut.     In  1870  Dp.  Bansome  read  a  paper  •  "  On  the 

*  Proc  of  HuchMter  PhiL  Soo.,  22d  Febnuiy  1870. 


190  QUAnc  mim. 

Oiganic  Katter  of  Human  Breath  in  Health  and 
Disease,"  in  which  he  stated  that  the  vaponr  of  hmnan 
breath  in  adnlts  in  a  state  of  health,  if  condensed  in  t 
laige  glass  flask,  surrounded  hy  ice  and  salt^  and 
examined  hj  the  Wanklyn,  Chapman,  and  Smith  pro* 
cess,  yielded  about  3  grains  of  oiganic  matter  in  10 
ounces  of  the  condensed  fluid,  a  quantity  sufficient  to 
make  the  fluid  highly  decomposable,  and  ready  to 
foster  the  growth  of  those  lowly  oiganisms  that  we 
believe  to  be  the  intimate  companions  of  the  moibifie 
ferments. 

This  animal  organic  matter  decomposes  and  ffYm 
off  Taiious  volatile  nitrogenous  compounds,  which, 
although  they  may  not  themselves  produce  disease^ 
undoubtedly  lessen  the  power  of  the  body  to  resist  iti 
attack.  Moreover,  putrefying  animal  matter  is  a 
favourite  pasture  for  the  development  and  dissemina- 
tion of  the  animal  poisons.  It  would  seem  to  exert  a 
distinctly  poisonous  action  on  one  at  least  of  the  lower 
animals,  if  we  are  to  accept  the  experience  of  Dr. 
Hammond,  who  placed  a  mouse  under  a  bell  glass^ 
taking  care  to  supply  it  with  plenty  of  oxygen,  and 
removing  all  carbonic  acid  and  watery  vapour,  pe^ 
mitting  the  organic  matter  to  remain.  The  mouse  died 
in  45  minutes. 

Excremental  filth,  in  a  condition  of  impalpable 
powder,  is  often  present  in  the  air,  and  is  the  most 
disgusting  of  all  the  impurities  to  which  man  is  ex- 
posed. As  many  diseases  propagate  themselves  by 
eliminating  their  poisons  through  the  medium  of  the 
exhalations  and  excretions  of  the  body,  air  thus  polluted 
is  often  the  bearer  of  the  organic  poisons  by  which 
maladies  are  disseminated. 
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Medical  men  and  district  visitoTS,  who  enter  die  dvell- 
BgS  tA  the  poor  in  crowded  couits  and  alleys,  are  per- 
eoUjr  familiar  with  the  fcetid  emanationa  that  abound  in 
neh  oQwholesome  styes.  The  peculiar  sickening  odour 
if  organic  matter  is  especially  noticed  in  crowds  of  the 
jteat  unwashed,  and  cieates  often,  in  those  unaccus- 
mned  to  such  smells,  a  feeling  of  faintness,  languor, 
ud  debility. 

Vegetable  oi^anic  matter,  if  excessive  in  the  air,  is 
inociated,  so  far  as  our  present  knowledge  extends, 
■ilh  a  poison  productive  of  ague  and  other  malarial 
■Sections.* 

The  quantity  of  the  nitrogenous  material  (ammonia 
Hid  albuminoid  ammonia)  found  in  air  varies,  of  course, 
ind  is  a  measure  of  its  impurity.  Dr.  Angus  Smith 
discovered  '066  milligramme  of  ammonia,  and  '190 
nilligramme  of  albuminoid  anunonia,  in  each  cubic  metre 
itf  ait  in  a  bedroom  at  9  p.m.,  and  '095  milligramme 
rfthe  former,  and  '334  milligramme  of  the  latter,  per 
nbic  metre,  in  the  same  room  on  the  following  momiiig 
«t  7  A^.  t  Mr.  Moss,|  whiUt  finding  as  a  mean  of 
eight  observations  093  milligramme  of  ammonia  and 
"088,  or  roughly  -09  milligramme  of  albuminoid  am- 
"wnia,  in  each  cubic  metre  of  the  air  of  Portsmouth, 
estimated  the  proportions  present  at  the  same  time  in 
U>e  Portsmouth  Hospital,  in  the  officers'  quarters,  etc. 
[yide  Table.) 

Ammonia  generally  occurs  in  the  air  as  a  salt, 
mch  as  the  carbonate,  chloride,  nitrate  or  nitrite,  derived 

*  The  BiiBwer  of  Dr.  C.  F.  Oldh&m  to  the  query  which  formi  the 
ftl*  of  his  work,  »%il  U  Malaria  t  nunelj,  that  "  HkUm  u  chill," 
VA  thu  ague  and  other  malarial  dineatet  an  not  produced  by  ■ 
^ciBc  poison,  ia  not  accepted  by  the  medical  proleMion. 

t  "  Air  and  Kun."  t  Lanett,  2d  Nor.  1A72. 
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irom  decomposing  animal  matteis,  soch  as  manniei 
sewage,  effete  matters  from  the  lungs  and  skins  d 
men  and  other  animals. 

Some  express  the  amount  of  the  ammonia,  and  the 
ammonia  derived  fix)m  albuminoid  ammonia,  which  tbej 
detect  in  air,  in  terms  of  nitrogen,  by  multiplying  by 
14,  and  dividing  the  result  by  17.  The  nitrogen  fiom 
both  kinds  of  ammonia  being  added  together,  is  recorded 
as  the  total  nitrogenous  matter  in  the  sample. 

The  old  methods  of  estimating  anmionia,  in  vogae 
before  the  discovery  of  the  Nessler  test,  yielded  most 
contradictory  evidence.  The  invention  of  this  re-agent^ 
which  can  be  worked  with  marvellous  delicacy  and  pre- 
cision, has  inaugurated  a  new  era  in  air  and  water 
analysis.  The  following  observations  have  all  been 
made  by  its  assistance  in  different  ways,  which  will  be 
described,  in  connection  with  the  names  of  the  analysts^ 
in  the  chapter  on  "  The  Chemical  Examination  of  Air," 
page  272  : — 
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7  Dr.  At^B  Smith,  Mr.  W.  A.  Moss,  and 
Dr.  C.  B.  Fox. 


Tun  An  WuTHiK. 

^^ 

AlbumlDold 

UlMntor70ffice,IOA.M 

Ou-room,  10  A.N. 
,,      „       ir.u. 

Rnet'Oet'sS,  1868  ! 
Freedng,  snow  on  tlie 
groiiiiil,  Dec  2S    . 
Damp,  Jw.  18,  1870 
Fine,  Jm.  25.  1870  . 
Foggy,  Jan.  26,  1870 

■Stc'  ■.•""« 

Feb.  16,  1870  . 
Fel>.  18,  1870   .       . 
Kov.  1,  1889     . 

Fine,  cold,  Oct  27    . 

„     Oct  28    . 

„        „     Oct  29    . 

NoT.lluidl2(moiii- 

Not.  16,  1  to  8  p.m. 

Not.  i,  windy  .        . 

Not.  i,  windy,  ond  » 

■howerofnin 

■108 
■188 
■130 
■190 
■096 

■10$ 
■069 

■190 
■1*2 

■071 

■288 
•298 
■21S 
■427 
-0S6 

■860 
■218 
■818 
■221 

■281 

Avenge 

■123 

-2M 

Bdmom,  9  p.m. 

..       „        7  A.1I. 

■088 
■095 

■190 
•83* 
■190 

ATermp.          .        . 

■101 

■288 

Hidden         .        .        . 

■688 
■287 
■287 

■688 
■*75 
■287 

ATCTBge 

■838 

■*16 

hLandm. 

M,«y^^(Met.opcU. 

D,i    do. 

,atl«.[UirMplacei)  . 
jBwfptcn    ,.      ..        . 

■109 

■084 
046 

■0*7 

■*67 

•289 
■110 

■128 
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AIR-WASHINGS-CbiKtfiiMd. 


IflLUOaAlOfl 

Sampliov  AnL 

Tims  amd  Wsathxr. 

Cubic  Unas 

Ammonia. 

AH 
An 

Hyde  Ptf  k  (two  places) 

Nov.  5,  morning;,  fine 

•028 

Kiog*sCrow(two8qiiue8) 

Nov.  8,  dnlland  windy 

■047 

Wobarn  Sauare  and  off 
Begent  Street 

Nov.  11,  frosty . 

•038 

Space    near     Holbom 

Nov.  11,     „     . 

•028 

Yiadact 

Islington,  Hoxton,  Dal- 

Nov.    8,  showeiy 

•061 

ston,  and  Hacknej 

Bethnal  Green  and  Step- 

Nov.  9,  dull 

•095 

U6Y 

Lam    yard   near   St 
£itlifirine*s  Docks 

Nov.  9,    „ 

•058 

London  Bridge     .        • 

Nov.  10,moming,  cold 

and  damp 
Nov.  9,  dull     . 

•062 

The  Bank  of  England  . 

•066 

Westminster  Ab fey  Yard 

Nov.  6,  fine 

•047 

FiTnbankment  of  Parlia- 

Nov. 18,  windy 

•048 

ment  Houses 

Back  street  near  Lam- 

Nov. 10,  fine    . 

•208 

beth  Workhouse 

New  Kent  Road,  Plea- 

sant Place,  Kenning- 

Nov.  10,  fine    . 

•067 

ton  Park 

Near  Vauxhall  Bridge 

Nov.  6,      „      . 

•038 

Cavendish  Place,  Wands- 

Nov. 6,      ,,      . 

•066 

worth  Road 

A  field  two  miles  past 

Nov.  18,  very  strong 

Glapham  Junction 
Average 
In  Glasgow, 

wind     . 

•        .        •        . 

•067 

•061 

A  green  in    Elmbank 

Feb.  26,  S.,  thawing. 

Street,  near  St.  Vin- 

snow on  the  ground 

•079 

cent  Street 

Union  Street, near  Argyle 

March    1,    W.S.W., 

Street 

fine        .        . 

•095 

Charlotte  Street,    Gal- 

lowgate 
Finnieston  Quay 

Average 

March  2,  fine    . 

•101 

March  1,  W.S.W.     . 
.        ■        .        • 

•036 

•078 

Shore,  Innellan,  Firth 
of  Clyde 

\f  ftrrh       S       N  N  E 

wind    . 

•052 
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CDiicHnu  or  An. 


PortmunUk. 
'  ei^ht  obaem- 
tt  different  timea 

;Omcen'  QiiBT- 

■rd  of  Hoapital 


Ooonpied  by  mm  per- 
son for  Mvenl  hours. 
Oood  fire.  Tenti- 
latioii  hy  draoDbtB 
nnderneath  door 
Mid  windoiTB,  irhich 
open  to  gronnd 

No  TsntilktioD  of  Miv 
kind     . 


smoant  of  unpniity  found  in  the  air  of  tbii  w«rd  givM,  I 
•gine,  a  fair  ezunple  of  the  itate  of  ■  folly  oocnpiod 
I  nary  conditions.— W.  A.  M. 


le  analyses  abov  a  conaiderable 

indiTidiuL     It  appears  probable  that  •  far  larger 

alter  paaaea  into  tae  air  mm  the  ikin  than  the  Inn, 


in  pnrity,  even  in 


n  the  alriTi  than  the  InnASi 
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The  obserrfttions  tliat  are  now  being  conducted  on 


the  ftir  of  Bcveral  parts  of  the  city  of  Gla^ow  by  E 
M.  Dixon,  Esq^  B.  Sc,  show,  as  regards  its  oiganic  im- 
parities, an  increase  with  an  augmentation  of  tempen- 

stunmer   in    the  greater   activity   of   all    putrefactive 
changes  in  nitrogenized  material. 

their  Equinlenlx  in  XnvoGBN,  in  100  CnHc  Feet  of  Air,  in  Oieiii 
of  GUxgow,  dnriiig  the  SimimeT  uxi  Aatmnn  of  1S77. 
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The  foregoing  observations  are  of  great  interest,  and 
open  out  to  US  a  field  of  research  into  the  large  subject 
of  chemical  climatology,  which  is  very  attractive.  The 
proportion  of  organic  matter  in  air  is  also  estimated  by 
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making  esaminatioiu!  of  the  amount  contained  in  that 
great  air-washer,  rain.  Kain  disBipates  the  deleterionB  b> 
gases  which  accumukte  and  float  over  towns  and  cities. 
It  brings  down  from  the  higher  r^iona  of  the  atmo* 
sphere  a  more  salubrious  air,  and  by  the  flushing  of 
drains  and  cleansing  of  the  surface  of  the  country,  aids 
ia  the  prevention  of  the  contamination  of  the  air  by 
tbe  exhalations  of  animals,  and  by  the  decomposition 
of  animal  and  vegetable  matter  which  is .  incessantly 
proceeding.  The  following  analyses,  made  by  Dr. 
Angus  Smith,  evince  very  important  differences : — 

Raih  Waters  collected  dubino  1869. 


lumitadt,  Febmarjr 

Do.        during  a  thimdentanii,  Ma^  26 
JviDgenlmig,  near  Heidelberg,  Jnlf 

Iddelbeig,  June  ID 

Tjne,  May  * 

Eelly,  yfemjK  Bay,  tonth-wett  wind,  June  2  to  1 6 
St.  Helens,  west  wind,  Febniaiy  18  to  March  11 

Do.      April  S3         ...         . 

bndiesteT,  30  feet  from  the  ground,  August 

Da         aame  place,  September 

Da         IS  fe^  from  the  ground,  Febmaiy 

Da         same  place,  June 

Do.         during  a  thunderstorm.  lUinhad&llen 

heavily  jnat  before.    Collected  about 

S  feet  from  the  ground,  September  10 

Do.         S  feet  from  the  ground,  behind  the 

Lit«iary  and  Philosophical  Socie^, 

September 

*  A  large  kelp  work  ezlata  on  flie  island. 


Farts  par 

Million =Wlligr. 

per  Litre. 
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The  dose  agreement  in  chemical  oompoeition  as  re- 
gards the  amount  of  oiganio  matter  of  pure  air,  and  of  rain 
that  falls  through  country  air  £bt  away  from  animal  and 
Tegetable  vitiating  agencies,  and  of  well  water  of  ave^ 
age  cleanliness,  cannot  but  attract  the  attention  of  the 
analytical  student  of  natura  About  *08  of  one  part  per 
million  appears  to  be  the  mean  amount  of  albuminoid 
ammonia  contained  in  air,  in  rain,  and  well  water  tluit 
has  not  received  any  extra  impurities  from  organic  lift. 
The  study  of  the  compensatory  forces  of  nature,  as 
manifested  in  that  universal  tendency  to  a  restoratioii 
to  a  state  of  equilibrium  of  everything  that  has  to  some 
extent  departed  from  it,  may  well  occupy  the  minds  of 
those  whose  pursuits  lead  them  to  the  contemplation 
of  the  laws  by  which  this  world  is  governed  in  special 
relation  to  the  life  and  health  of  its  inhabitants. 
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CHAPTEE  XIX. 

OXIDES  OF  CARBON. 

A.  Carhonic  Acid. — ^The  discomfort  which  we  experience  carbonio 
in  badly  ventilated  rooms  was  formerly  considered  to  ^*^ 
be  occasioned  by  the  production  of  carbonic  acid.  We 
now  know  that  it  is  caused  mainly  by  organic  matter, 
tad  that  an  excess  of  catbonic  acid  can  be  borne  with- 
cmt  ill  effects,  if  the  air  be  free  from  deleterious  gases 
tad  an  excess  of  organic  impurity.  Still  the  amount 
of  carbonic  acid  is,  as  a  rule,  a  measure  of  other 
accompanying  impurities  in  the  air,  for  it  is  ahnost 
always  found  in  bad  company. 

A  confidence  in  our  powers  of  measuring  very 
accurately  the  minutest  quantities  of  carbonic  acid  is 
established  by  the  harmony  that  has  been  already 
shown  to  exist  on  page  187,  between  the  results  ob- 
tained by  analysts  on-  air  of  varying  degrees  of  purity, 
which  is  still  further  increased  by  our  study  of  such 
an  interesting  series  of  observations  of  air,  of  various 
d^;rees  of  impurity,  collected  together  in  the  following 
Table : — 
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Carbonic  Acid  in  Public  and  Private  Builddti 


Natxtri  or  BmLDiHa 


1.  Boot  and  shoe  fixusher 

2.  Framework  knitter 

5.  Ditto         ditto       . 

4.  Boot  and  shoe  finisher 

6.  Needlemaker 

6.  Tailor's  woikshop  . 

7.  Boot  and  shoe  finisher 

8.  Tailor's  workshop  . 


9.  Elastic  web  mannfactnrer 
10.  Fancy  hosier 


11.  Boot  and  shoe  riveter    . 

12.  Riveting-room  of  boot  mannfSactorer 


18. 
14. 
16. 


National  school :  Science  class-room 
Ditto  Boys'  day-room 

Ditto  Girls'  day-room 


16. 
17. 


Ditto 
Ditto 


Boys'  day-room 
Girls'  day-room 


18.  Police  Court :  The  Mayor's  parlour 

19.  Ditto  The  Town-Hall 

20.  Private  house  :  sitting-room 

21.  Worsted  spinner's  preparing-room 

22.  Ditto  doubling-room  . 


23.  Town-Hall  during  Quarter  Sessions 

24.  Prisoners'  cell  in  police  station 


Number 

of 
penons 
preaent. 


6 

14 

10 

7 

6 

20 

12 
25 


20 
9 

18 
18 


17 
100 
110 


800 
160 

20 

100 

7 

50 

50 


300 
1 


Space  for 

each 

peraonin 

euMcfwt 


61 
186 
321 
197 
800 
867 

191 
280 


483 

233 

205 


200 
236 
116 


139 
848 

270 

230 

1^4 

1310 

1310 


80 
285 


*  Lancet,  July  6,  A 
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B,  by  R  Weaver.  C.E.,  F.C.S* 


Bt««thuig  in  serenl  of  the 


opprefsive.  In  erery 
CAM  *  pleanmble  stnue 
of  relief  was  ezperienced 
in    retnming     to    the 


No  rentUataon  but  fireplBCA 
Ditto  ditto. 

Ditto  ditto. 

Ditto  ditto. 

Ditto  ditto. 

Ditto  ditto.  __ 

Ventilated  through  window. 

Ventilated  throng  window. — Nos.  Sand  11  prove  that  an 
open  window  or  door  wonderfully  ameliorates  the  con- 
dition ofthebreatbW  air.  even  with  dimiiiished  space. 
Ventilated  throngh  window. 
No  ventilation. — Conuderable  cnbic  capacity  ia  of  no 

avail  in  Qm  abaence  of  ventilatiaii. 
Ventilated  by  door  being  open. 


Veatilaton  doaed. 


•( 


Small  ventilator  in  ceiling. 
Veatilaton  in  root 
Small  Tentilatora  in  side  oi 
wall 


These  ventilators  are  quite 
inadequate  to  secure 
fre^  air  to  the  scholars, 
and  their  area  ia  vel7 
insignificant  compared 
with  the  total  capacity 
of  the  rooms,  and  out  of 
all  proportion.  Afewjetl 


of  gi 


1  apmear 
double  the  air  poUntion. 
Very  small  ventUaton  in  )  The  odour  of  organic  matter 
iralli.  >     was    unpleasantly  percep- 

'   Small  ventilatora  in  root )     tible  in  this  schooL 
Rotatory  ventilator*  in  root, 
Ditto  ditto, 

o  ventilation.    Gas  had  been  burning  for  three  honn. 
Ditto. 

Ditto.  The  sixty  jets  had  been  lit  for  twenty 

minutes.     Owing  to  absence  of  ven- 
tilation, the  aenal  polludcn  was  in- 
creased nearly  70   per  cent  during 
this  short  time. 
Numerous  ventilatorB  in  rooC 

Ventilated  at  open  grating.  On  busy  oocadons,  ».g, 
Saturday  nights,  when  there  are  seven  or  eight  inmates, 
with  a  CBpacitv  of  30  or  40  cubic  feet  per  head,  the 
smell  ia  p^ecuy  sickening. 
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Cabbonic  Acid  in  Pubuc  Am)  Private  Buiunii 


Natubb  or  BuiLoani. 


25.  Police  station  :  Sergeant's  oflioe 

26.  Prisoners'  cell  at  Town  Hall 


27.  Spring  Assizes :  Crown  Court ;  body  of 

28.  Spring  Assizes  :  Crown  Court ;  gallery 

29.  Spring  Assizes  :  Nisi  Prios  Coort ;  body 

of  hall 

80.  Spring  Assizes  :  Nisi  Prios  Coort ;  gal- 
lery      


81.  Newspaper  office  :  Compositors'  room   . 

82.  Ditto  Macnine  room 

88.  Ditto  Compositors'  room   . 

84.  Private  boose :  One  foot  from  floor  of 

bedroom 

85.  Private  boose  :  One  foot  from  ceiling  of 

same  room 

86.  Private  boose :  One  foot  frt>m  floor  of 

bedroom 

87.  Private  boose  :  One  foot  from  ceiling  of 

same  room 

88.  National  school :  Infants'  room     . 

89.  Ditto  Girls'  Boom 

40.  Private  school 

41.  Ditto 


42.  Elastic  web  manofactory :  The  lower  or 
braid  room 

48.  Elastic  web  manofiM^ry :  The  opper  or 
weaving  room 


44.  Poblic  Hbraiy  :  Reading-room 


Number 
or 


present. 


4 
1 


850 
850 

200 

200 


10 

4 
10 


4 
2 


2 

75 
65 
23 
14 


100 
50 


150 


Space  for 


eabiefbet 


120 
500 


100 
100 

160 

160 


400 

1000 

410 


865 

865 
780 


780 
115 
125 
107 
100 


990 
1650 
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m,  by  R.  Weaver,  C.E.,  F.C.S.~Con(inued. 


Nmln 

ISSS 

taSW 

1 

VentiUtod  by  the  window. 

Ditto      at  gntiag- 

The  condition  of  the  air 

provei  that  the  action 

of  the  roUtoiy  TentOa- 

ton  is  from  some  caoae 

veiT    imperfect      The 
carbonic  add  in  No.  38 

Ditto          ditto. 

- 

Ditto          ditto. 

ii  reiy  lane,  conmder- 
ingthatuMdallighte 

were  abeent,   and  that 

— 

Ditto          ditto. 

it  was  entirely  dne  to 

odominthiagaUerrwai 
■troDg  and  oppraadre. 

8 

VmtiUtod  by  itMnsMe. 

4 

Ditto       ditto. 

la 

dnring  Mperiment 

- 

■11   night     Foot   Toung 

children  ilept  hen. 
Do.        do.        do. 

Samplea  obtained  in  early 

momlng.    In  each  room 
a  tmalT  jet  of  gaa  was 

- 

■11   ni^b     Two  Mlalta 

bumed.'           "^ 

■laMbve. 

Do.        do.        do. 

Ditto        .^tto. 

Ditto          ditto. 

Ditto          ditto. 

f 

7otwith«tuidIng  the  moch 
gieater    toMtWg    q«o« 

Monnd  to  each  oocnpant 

of  the  upper  room,  the  air 

160 

Tentil>t«d  at  ildo  vdl* 

ii  much  mote  contamin- 

and  ceiling. 

at«).bec«neeofthefooliah 

M 

T«ntil>ted  at  lide  nil. 
•ndcMling. 

apartmenti     into     thoae 
aW  inrtead  of  dinctly 
into  the  outer  air. 

SO 

Tnitilaton  in  eriling,  which  in  ividently  InoAdent.      ) 
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Mr.  Weaver  points  out  that  the  condition 
air  in  the  sitting-room  of  a  private  house,  1 
illustrates  the  condition  of  a  great  number  of  d^ 
occupied  by  mechanics  and  clerks^  entirely  unj 
with  ventilation. 

The  higher  percentage  of  carbonic  acid 
galleries,  as  shown  by  the  observations  No.  27 
testifies  to  the  fact  of  its  ascension  with  th( 
currents,  and  that  there  is  no  tendency  towards  ( 
lation  in  the  lower  strata  of  air  from  superior 
gravity,  aa  has  been  sometimes  argued. 

Cabbonic  Acid  m  London,  Manchesteb,  New 
CoBNWALL,  PoBTSMOUTH,  and  elsewhere 

By  Drs.  Smith  and  Bemays,  F.  de  Chaumont,  and 

Perc 

Chanceiy  Court,  closed  doors,  7  feet  from  gronnd, 
March  3 

Same,  3  feet  from  ground 

Chancery  Court,  door  wide  open,  4  feet  from  ground, 
11.40  AJL,  March  6 

Same,  12.40  F.M.,  6  feet  from  ground  . 

Strand  Theatre,  gaUery,  10  fjc.   .... 

Surrey  Theatre,  boxes,  March  7,  10.3  fjl 
„  „  „      March  7,  12  fj£. 

Olympic,  11.30  F.M 

Victoria  Theatre,  boxes,  March  24,  10  f.il   . 
Haymarket  Theatre,  dress  circle,  March  18,  11.30  fjc 
Queen's  Ward,  St  Thomas'  Hospital,  3.26  f.m.      . 
Edwards'    „  „  „         3.30  p.m. 

Victoria  Theatre,  boxes,  April  4  . 
Effingham,  10.30  f.m.,  April  9,  Whitechapel 
Pavilion,  10.11  F.M.,  April  9,  „ 

City  of  London  Theatre,  pit,  11.15  Fjf.,  April  16 
Standard  Theatre,  pit,  11  pji.,  April  16 
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Percentigebr 
TolumB. 

■700 

t  in  a  dwelliDg-houae,  during  th 
1  at  night  with  closed  windows 

tenkofer)    -723 

day .         -068 

■230 

partly  open      . 
in  of  Ihiblin  Canal  boat  (Camerc 

■068 
n)     .         -96 

banacks  in  London  (Roscoe) 

■124 

<n  (male  department),  New  To 
') 

k  (H. 

■147 

et,  New  York  (H.  Endemann) 
tieets,  ordinary  weather     . 

■084 
•0403 

b^in       .... 

■0369 

in  Manchester 

■0679 

nB 

■0774 

1 

•3000 

rorst  part,  ai  much  aa 

■3200 

gest  amount  found  in  Cornwall 

.       S^SOOO 

irageof339     . 

■7860 

ie  Chauinont's  estimationa  of  the  amount  of 
;id  in  the  air  of  barracks,  hospitals,  and 

interesting : — 

Barraekt. 
Barracks ^06 

^049 

-07 

idon '13 

:^Bemate) -12 

;ret  (Casemate) ■oa 


Mililary  and  Oivil  HotpiiaU. 

lamson  Hoipit&l 

Svil  Infirmary 

>ita] 


•097 
■092 
■047 
•067 
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If  Hilary  and  Civil  Primnu, 

For  cent 
Aldenhot  Military  Priflon — Cells  -ISS 

Goeport         „  n  n  ...         '13 

Chatham  Convict        99  m  ...         *169 

Pentonville  Prison — Cells  (JebVs  system)     .  ^9 

Dr.  Endemann  obtained  seventeen  samples  of  air 

from  the  public  schools  of  America^  and  found  carbosie 

acid  vaiying  in  amounts  from  '09  to  *35  parts  in  100; 

or,  in  other  words,  from  more  than  twice  to  nearly  nine 

times  the  normal  quantity.     He  gives  the  followiqg 

tabular  results,  obtaiued  from  some  of  the  public  Bchoob- 

in  New  York: — 

Sehooli.  Ftoeeot 

Elm  Street '146 

Roosevelt  Street '196 

Thirteenth  Street,  near  Sixth  Avenue     .  .         .  '281 

Thirteenth  Street,  near  Seventh  Avenue  .         .  '21% 

Greenwich  Street '176 

Vandewater  Street '147 

Madison  Street,  near  Jackson         ....  *S4S 

Dr.  Breiting  made  a  series  of  fourteen  experimentB 
on  the  quantity  of  carbonic  acid  contained  in  the  air  of 
some  schoolrooms,  commencing  at  7.45  A.M.,and  continued 
to  4  P.M.,  in  a  room  of  2  5 1*6 1  cubic  metres  capadtyi 
and  containing  64  children.  The  amount  of  carbonic 
acid  was  said  to  vary  from  2*21  to  9*36  per  cent  (!). 

Herr  E  Schulz  foimd  in  a  clubroom  '37  per  cent 
and  in  a  schoolroom  an  amount  of  carbonic  acid  YSiy* 
ing  from  '14  to  '35  per  cent. 

Dr.  Snow  haa  concluded  from  his  experiments  on 
animals  "  that  5  or  6  per  cent  by  volume  of  carbonic 
acid  cannot  exist  in  the  air  without  danger  to  life,  and 
that  less  than  half  this  amount  will  soon  be  fatal,  whea 
it  is  formed  at  the  expense  of  the  oxygen  of  the  air." 
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My  own  determiuatioti  of  the  amount  of  cajbonio 
acid  in  air  of  different  d^;ree8  of  purity  teaches  no  more 
than  do  the  foregoing  analysea,  so  that  I  will  not  trouble 
the  reader  at  present  with  any  more  tabular  matter. 

The  purest  air — namely,  that  resting  on  the  sea, 
and  on  tiie  sides  of  the  highest  mountains — ia  thus 
teen  to  possess  rather  more  than  '03  per  cent  of  car- 
bonic acid,  which  ia  often  increased  in  the  streets  of 
cities  to  '04,  an  amount  which  may  be  doubled  in 
toggy  weather.     Much  discussion  has  taken  place  at 
Tarioua  times  as  to  whether  carbonic  acid  is  a  positive 
poison  or  singly  an  asphyxiating  gas.     It  has  now  been 
jvetty  clearly  established  that  this  gaa  ia  a  distinct  poison 
when  diluted  with  air,  but  that,  in  a  pure  or  unmixed 
sUt«,  as  it  is  sometimes  found  in  a  beer  vat  or  old  well, 
it  extinguishes  life  in  a  mechanical  manner,  by  immedi- 
ately suffocating  any  one  who  may  be  immersed  in  it. 
The  presence  or  absence  of  injurious  bodies  in  air, 
nch  as  hydrogen  sulphide,  methyl  hydride,  hydrogen, 
ttguiic  matter,  sulphurous  acid,  ammonia,  ammonium 
nlphides,  and  the  amount  of  oxygen  it  containa,  must  ' 
Bot  be  lost  sight  of  in  judging  of  the  effects  of  carbonic 
Kid  on  the  human  frame.     It  haa  been  a  subject  of 
vouder   that  people   have   been   but  slightly  incon- 
'    Tuiienced  by  an  exposure  to  the  air  of  places  where 
brewing  is  going  on,  or  soda  water  is  being  mannfac- 
biied,  where,  indeed,  the  air  containa  perhapa  about 
'20  per  cent   of  carbonic   acid.      In  auch  cases   the 
gw  diluted  with  air  ia  unmingled  with  unwholesome 
tcceesories  as  oiganic  matter,  sulphur  compounds,  etc. 
ooch  air  in  a  closed  chamber  will  give  to  any  one  who 
exposes  himself  to  it  a  severe  headache.     We  all,  in- 
deed, avoid  an  atmosphere  containing  -10  per  cent  of 
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carbonic  acid  in  crowded  rooms.  Animalfl  can  be  kept 
alive  for  a  long  period  in  an  atmosphere  highly  charged 
with  it  if  the  oxygen  be  added.  The  body,  when 
exposed  to  air  containing  a  large  excess  of  carbonic 
acid  ('30  per  cent),  suffers  a  reduction  in  the  heart's 
action  and  an  acceleration  of  respiration.  These  effects 
have  been  found  to  be  produced  when  the  influence  of  Uie 
organic  matter  and  other  foreign  bodies  is  eliminated. 

Estimates  of  the  enormous  quantities  of  this  gas 
that  are  daily  and  hourly  poured  forth  by  our  dtiefl 
would  be  alarming  indeed  were  we  not  consoled  by  the 
knowledge  of  the  rapid  distribution  of  gases  by  diffosion, 
which  tends  to  maintain  a  state  of  equilibrium  in  the 
constitution  of  the  air.  Dr.  Smith  assures  us  that 
15,066  tons  of  carbonic  acid  are  daily  passed  by  the 
city  of  Manchester  into  the  air  that  envelopes  it,*  and 
Dr.  F.  de  Chaumont  states  that  822,000,000  cubic  fe^ 
of  this  gas  are  generated  in  London  per  day,  or  moie 
than  9500  cubic  feet  every  second.  In  consequence 
of  the  possession  of  most  wonderful  self-purifying  pro- 
perties, which  are  partly  due  to  its  powers  of  oxidation 
and  partly  to  the  physical  changes  that  are  unceasingly 
occurring  in  its  condition,  through  the  agency  of  currents, 
storms,  rains,  changes  of  temperature,  etc.,  the  vast  aerial 
sea  maintains  a  imiformity  of  composition  so  marvellous 
as  to  strike  with  awe  the  student  of  the  mighty  forces  of 
nature. 

*  M'Dongal  {Chemical  NewSy  ix.  80),  under  Roscoe'a  directioiiy 
determined  on  two  different  days  the  amount  of  carbonic  acid  in  the 
air  of  Manchester.  As  a  mean  of  46  analyses,  the  air  from  the  centre 
of  Manchester  was  found  to  contain  '089  per  cent  of  carbonic  add 
(max.  '056,  min.  '028),  whilst  the  air  four  miles  from  the  city  exhibited 
as  a  mean  of  eight  determinations  *04  per  cent  Hence  Roscoe  con- 
cludes that  in  open  places  the  influence  of  combustion  and  respiration 
processes  is  completely  neutralized  by  the  movements  of  the  air. 
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B.  Carbonic  Oxide,  which  is  a  most  poisonous  gas,  is 
a  product  of  combustion,  and  is  to  be  found  in  the  air  of 
towns,  where  it  i8  so  diluted  as  to  do  but  slight  injury. 
Public  buildings,  churches,  colleges,  schools,  barracks, 
etc.,  are  very  often  heated  by  means  of  coke-buming  iron 
stoves,  some  of  which  are  provided  with  troughs  and  pans 
of  water,  to  counteract  the  aridity  of  the  air  which  they 
ate  supposed  to  induce.  During  the  late  "  Coal  famine  " 
the  demand  for  coke  for  domestic  purposes  has  been 
perhaps  greater  than  has  ever  been  before  known  in  this 
country,  particularly  amongst  the  labouring  classes. 

In  the  United  States  anthracite  (called  in  Ireland 
"  Kilkenny  coal "  and  in  Scotland  "  blind  coal"),  which 
Iwars  a  great  resemblance  to  coke,  and  is  equally 
objectionable  as  ordinarily  consumed,  is  most  exten- 
sively used.  Dr.  Derby  asserts*  that  "ninety-nine 
dwelling  houses  out  of  a  hundred  in  Boston  are,  in 
irbole  or  in  part,  warmed  by  this  fuel,  burned  in  iron 
(tores,  or  in  the  iron  fire-pot  of  a  furnace,  which  is  but 
1  itove  in  another  form." 

Many  people  of  nervous  and  sanguine  tempeia- 
nents,  especially  the  plethoric,  most  of  those  indeed 
vho  are  sensitive  to  changes  in  atmospheric  states  and 
conditions,  are  affected  injuriously  if  they  remain  for 
utne  time  in  a  room  or  office  warmed  by  an  iron  stove 
m  which  coke  is  consumed.  They  experience  a  languor 
^  oppression ;  in  fact,  a  sense  of  "  malaise,"  and 
wnetimes  a  difficulty  of  breathing,  slight  dizziness, 
confusion  of  ideas,  headache  accompanied  by  a  feeling 
u  if  a  tight  band  encircled  the  forehead  and  temples, 
in  one  word,  the  symptoms  of  narcotic  poisoning,  which 
ue  speedily  dissipated  on  removal  to  the  fresh  air. 
*  AnlhraeiU  and  Utalth. 
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Now,  what  poisonous  gases  are  generated  by  the  com- 
bustion of  coke,  coal,  etc.  ?  Carbonic  oxide,  carbonic  add, 
tbe  carburetted  hydrogen  gases,  and  sulphurous  acid. 

The  last  named,  which  is  so  abundant  in  the  air  of 
coal  and  gas  burning  towns  *  (where  it  serves  a  useful 
purpose,  being  a  powerful  disinfectant),  hardly  deaerrefl 
to  be  placed  in  juxtaposition  with  such  deadly  agents 
as  carbonic  oxide  and  carbonic  acid. 

The  light  and  heavy  carburetted  hydrogen  gsses 
may  be  excluded  &om  our  consideration,  for  they  pass 
off  in  comparatively  minute  quantities  in  an  uiicon- 
snmed  state.  As  the  carbonic  acid,  which  is  produced 
by  the  lower  layer  of  burning  matter  forming  the  fiie, 
rises  through  the  heated  mass  above,  it  unites  with 
more  carbon  and  becomes  changed  into  carbonic  oiide. 
This  latter  gas  may  sometimes  be  seen  burning  on  the 
surface,  and  yielding  a  pale  blue  flame.  When  it 
burns  in  contact  with  air,  carbonic  acid  is  reproduced. 
The  presence  of  carbonic  oxide  is  a  sign  of  imperfect 
combustion.  The  loss  of  heating  power  when  this  gas 
escapes  from  a  stove  has  been  estimated  at  61  per 
cent.  Carbonic  oxide  is  believed  by  all  to  be  a  most 
virulent  poison,  even  in  the  smallest  quantities. 

As  both  of  these  gases  are  given  off  in  the  com- 
bustion of  coke,  anthracite,  and  charcoal ;  and  as  dele- 
terious effects  may  be  occasioned  by  either,  and  especisJly 
by  the  carbonic  oxide,  any  escape  of  them  into  the  air 
we  breathe  is  to  be  carefully  guarded  against  Claude 
Bernard  and  M.  Guerard  both  assure  us  that  a  mixiurt 
of  these  gases  is  more  hurtful  than  either  respired  alone. 

'  One  of  the  causes  of  the  difScuIty  nhich  is  expcrieDced  in  culti- 
vating trees  and  shrubs  in  cities  is  to  be  found  in  the  presence  of  tliii 
Kid,  which  is  highl;  destructive  to  certain  kinds  of  plants. 
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When  coke  or  anthracite,  which  do  not  contain  the 
Uuminating  gases,  and  which  bum  without  flame  and 
moke,  are  used  in  our  fire-grates,  we  can  generally 
■erceive  an  odour  of  aulphuroua  acid  on  the  addition 
f  freah  fuel,  by  placing  the  face  close  to  the  mantel- 
helf.  If  this  acid,  which  is  detected  by  its  irritating 
omes,  escapes  then  into  our  rooms,  it  may  be  fairly 
iTesumed  that  the  inodorous  gases,  carbonic  oxide  and 
arbonic  acid,  which  are  simultaneously  developed,  are 
ssociated  with  it. 

Some  may  enquire,  "  Is  it  then  unadvisahle  to  huni 
_«ke  in  open  fire-grates  ? "  I  will  answer  this  question 
jy  narrating  an  incident  that  came  under  my  notice  wfaen 
n  practice.  An  extremely  delicate  child,  aGSicted  with  a 
inlmonary  affection,  was  ordered,  during  the>  prevalence 
if  the  easterly  winds,  to  be  confined  to  a  auite  of  rooms, 
lU  maintained  at  one  temperature,  during  both  day  and 
light,  by  coal  fires  in  open  fire-grates.  As  coals  were 
lay  expensive,  the  mother  after  a  time  adopted  the 
MoQomical  measure  of  burning  coke.  On  entering  the 
atting-room,  after  the  introduction  of  the  coke,  to  visit 
the  little  patient,  I  experienced  a  sense  of  general 
oppression,  of  weight  about  the  head,  and  a  difficulty 
ui  breathing  air  which  seemed  to  have  lost  all  firesh- 
ticeB.  The  child  was  suffering  from  the  Bj^mptoms  of 
Wreotic  poisoning.  She  complained  of  great  lassitude 
Old  of  "  a  feeling  as  if  a  band  was  tightly  bound  around 
the  forehead."  The  rooms  were  not  again  warmed  by 
this  fuel. 

It  is  to  be  observed  that  those  who  are  unaccustomed 
to  come  into  the  vicinity  of  iron  coke-burning  stoves 
Ue  more  liable  to  be  unpleasantly  affected  than  those 
*ho  are  A^uently  near  them.     There  is  a  certain 
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tolerance  of  the  poison  of  carbonic  ozide  acqniied  in 
time  by  dioae  vho  habitually  breathe  it  in  amall 
amouoto,  just  as  we  see  in  the  case  of  anenic,  opium, 
etc 

Americans  appear  to  be  folly  alive  to  the  danger 
of  the  poisoning  of  the  air  they  breathe  with  carbon 
monoxide,  and  nov  employ  wrooght-inm  stores,  vbich 
are  but  slightly,  if  at  all,  permeable  to  gases.  They  are 
formed  of  plates  riveted  together  as  tightly  as  those  of 
a  steam  boiler,  so  that  the  stove  is  practically  of  one 
piece.  Stoves  constructed  of  Bussian  sheet-iron  (rolled 
iron  covered  with  a  siliceous  glaze)  have  also  beoi 
employed.  The  Germans  appear  to  be  only  partially 
aware  of  the  injury  attendant  on  the  use  of  poions 
stoves,*  As  the  majority  of  their  earthenware  stoves 
are  covered  with  a  sUicious  glaze,  Uiey  suffer  lath^ 
irom  the  dryness  of  the  air  which  they  occasion  than 
from  the  escape  of  poisonous  gases. 

The  English  seem  perfectly  insensible  at  ptesent 
to  this  danger  to  health,  although  it  has  been  pointed 
out  by  myself  t  and  others  for  years. 

Tlie  reader  may  imagine  that,  as  stoves  are  fii> 
nished  with  flues,  every  provision  is  made  for  the 
removal  of  all  the  products  of  combustion  into  the 
outer  air.  Unfortunately  these  poisonous  oxides  of 
carbon  do  not  all  pass  away  by  this  outlet,  but  enter 
the  rooms  which  the  stove  is  designed  to  warm  in 
three  ways ;  (a)  through  the  iron ;  (b)  at  the  junctiona 
of  the  separate  pieces  of  which  a  stove  is  made ;  and 
(c)  in  consequence  of  downward  currents  of  air, 

*  Fujf  Haller's  "Die  Liittuog  und  Erwinnung  der  EindentDlx 
und  de«  Kranken  ZimmenL" 

t  Coke  a»  a  I'uel,  in  BelatioK  to  Bygi«M. 
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The  second  and  third  modes  of  exit  are  readily 
comprehensible,  but  the  first  requires  some  explanation. 
MM.  St  Claire  Deville  and  Troost  have  discovered 
that  iroD  and  several  other  metals  permit,  when  heated, 
the  passive  through  them  of  the  gases  of  comb<istioD. 
They  write,  "The  porosity  results  from  the  dilatation 
induced  by  heat  in  the  intermolecular  spaces."  The 
researches  of  Tyndall  on  the  penetration  of  metals  hy 
gases,  and  of  Graham  on  the  absorption  of  carbonic 
oxide  by  iron,  corroborate  these  experiments. 

M.  Diunas  has  distinctly  shown  *  that  a  portion  of 
the  carbonic  dioxide  evolved  during  combustion  is 
changed  by  heated  iron  into  carbonic  monoxide.  It  is  by 
virtue  of  the  absorptive  power  possessed  by  iron  that 
this  metal  is  converted  into  steeL  We  learn  from  Dr. 
Derby's  little  work,  before  alluded  to,  that  so  long  ago 
as  1865  Yelpeau  communicated  to  the  French  Academy 
some  observations  of  Dr.  Garret,  as  to  the  unhappy 
inflaences  on  the  health  which  attend  the  use  of  cast- 
iron  stoves.  General  Morin  interested  himself  in  the 
matter,  and  asked  MM.  St.  Claire  Deville  and  Troost 
to  analyse  the  air  encircling  a  heated  stove. 

These  chemists  found:  (1)  that  tubes  of  cast  iron 
are  incapable  of  maintaining  a  vacuum ;  f  (2)  that 
carbonic  oxide,  carbonic'  acid,  and  hydrogen  gases  pass 
through  iron,  and  to  a  still  greater  degree  throu^  cast 
iron ;  and  (3)  that  carbonic  oxide,  absorbed  in  our 
stoves  by  the  internal  surface  of  the  cast  iron,  diEFuses 

*  CompUa  lUndua,  Augast  26,  1872. 

1*  The  toil  in  which  pipes  conbuniiig  illnmiliatiiig  gas  ore  embedded 
hu  oIleD  a  powerful  odour  of  it,  and  ia  frequentt]'  much  discoloured. 
This  it,  without  doubt,  partly  occaaianed  by  lost  through  the  walb  of 
the  pipes ;  to  guard  againtt  which,  to  far  as  is  practicable,  gat  com- 
paniei  test  their  pipes  by  tnbmittiiig  them  to  a  porrerfnl  pressure. 
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itself  &om  the  external  surface  into  tlie  atmosphen, 
aod  that  this  process  goes  on  continQoasly.  They  hare 
besides  determined  the  quantity  of  the  ozidee  of  carhsa 
present  in  the  air  Barrounding  heated  atoves,  and  Uie 
proportion  of  carbonic  oxide  'which  permeates  tiirough  a 
given  surface  of  a  castriron  store,  as  well  as  tliat  which 
the  metal  absorbs  and  retains.  *  The  passt^  of  tk 
comparatively  hannless  sulphurous  acid  tJirough  tk 
ciyatalline  structure  of  cast-iron  stoves  is  often  lecog- 
nised  by  its  pungent  and  peculiar  smell 

The  moat  pleasant  and  grateful  of  all  the  artifeiai 
kinds  of  heat  is  obtained  by  the  consumption  of  coal  in 
open  fireplaces,  amiough  as  at  present  mamtged  it  is 
exceedingly  wasteful  The  qusdity  of  heat  thva  im- 
parted is,  according  to  my  experience,  more  condndve 
to  health  than  that  supplied  by  any  other  fuel  Ven- 
tilation is  also  promoted  by  open  fire-grates.  A 
brightly  burning  fire  is  an  enlivening  object,  and 
tends  much  to  render  home  attractive  by  its  stimulat- 
ing influence  on  the  spirits.  These  beneficial  imprffl- 
sions  on  the  nervous  system  are  denied  us  by  tlie 
cheerless  stoves. 

Provided  there  is  a  powerful  draught  in  a  fire- 
place, coke  may  generally  be  burnt  in  it,  mixed  a 
nviall  proportions  vHth  coal,  without  causing  a  distnrl)- 
ance  of  nervous  functions.  The  draught  in  a  chimn^ 
can  of  course  be  easily  increased,  if  it  is  insufBcient 
by  either  lengthening  the  flue  or  diminishing  the  si» 
of  it  near  the  fire. 

*  Tho  important  eiptriments  of  these  chemists  are  conttuKd  i" 
Ci»npte»  Bendvi,  T.  6?,  1803,  and  T.  69,  1864. 
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PUTREFACTIVE  PROCESSES,  SEWAGE  EMANATIONS,  AND 
EXCREMENTAL  FILTH. 

OTEEFAcnvE  chaQges  are  accompanied  by  the  pro- 
iction  of  gases  and  vapours,  irith  which  is  associated 
•ganic  matter  and  a  septic  ferment  Warmth  and 
.oisture  favour,  and  cold  and  dryness  retard,  these 
itrid  decompositions.  "  The  ferments,  bo  far  as  we 
aow  them,"  writes  Mr.  Simon,*  "  show  no  power  of 
itive  diffusion  in  dry  air ;  diffusing  in  it  only  as  they 
:e  passively  wafted,  and  then  probably,  if  the  air  he 
eely  open,  not  carrying  their  vitality  far;  but  as 
loisture  is  their  normal  mediiun,  currents  of  humid 
J  (&s  from  sewers  and  drains)  can  doubtless  lift  them 
I  their  full  effectiveness,  and  if  into  houses  or  con- 
ned exterior  spaces,  then  with  their  chief  chances 
f  remaining  effective;  and  ill-ventilated,  low-lying 
Kalities,  if  unclean  as  regards  the  removal  of  their 
jfuse,  may  especially  be  expected  to  have  these 
irments  present  in  their  common  atmosphere,  as  well 
8,  of  course,  teeming  in  their  soil  and  ground  water." 
igain,  he  tells  us  that  the  common  so-called  "  septic  " 
erment  the  product  of  putrefaction,  which  in  its 
tionger  action  quickly  destroys  life  by  blood-poison- 
ng,  can,  in  slighter  actions,  start  in  the  body  slowly 
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advancing  procesaea,  whidi  vill  end  in  general  tnbe^ 
cular  OT  consumptive  disease. 

Sewage  emanations  have  been  found  on  analjsia 
■,  to  be  somewhat  variable  in  composition.  The  exami- 
nations  of  different  analysts  agree  in  noting  a  diiainn- 
tion  of  oxygen  and  increase  of  carbonic  acid,  vith 
small  proportions  of  hydrogen  aolphide,  caiburetted 
hydrogen,  and  sulphide  of  ammonium.  The  characteristic 
foetid  odour  of  sewer  gas  is  due  to  some  oi^anie  vapour 
of  carbo-ammoniacal  origin,  the  precise  composition  of 
which  has  not  yet  been  determined.  Sewage  and  ceffi- 
pool  effluvia  are  well  known  to  be  injurious  to  the  healtli 
of  animal  and  vegetable  life,  even  when  mixed  in 
small  quantities  with  the  air.  The  only  forms  of  lif« 
that  thrive  in  air  thus  polluted  are  certain  of  tlie 
bacteria  and  fungi,  and  other  of  the  scavenging  EEtinilies 
of  creation. 

As  to  the  fouling  of  the  air  we  breathe  with  escie- 
mental  filth,  generally  dried  and  wafted  about  as  dust, 
and  its  connection  with  the  spread  of  such  diseases  as 
cholera  and  typhoid  and  other  of  those  loathsome  Btb 
diseases,  the  subject  is  too  disgusting  to  treat  oi  ^ 
would  simply  refer  my  readers  to  two  sources  for  in- 
formation, if  they  require  any: — First,  to  disclosures  »> 
Dr.  Stevens  as  to  the  state  of  Over  Barwen  when  ti^ 
recent  terrible  outbreak  of  fever  occurred  there,  wher^ 
the  people  were  living  with  thousands  of  tons  of  ei-" 
cremental  filth  stored  amongst  their  dwellings,  exposing 
a  surface  of  many  acres,  continually  poisoning  the  ai* 
they  breathed,  and  which  enveloped  them ;  secondly^ 
to  Mr.  Simon's  Keport  on  Filth  Diseases,  in  which  b^ 
writes  of  enteric  fever — "  Of  all  the  diseases  which  ar^ 
attributable  to  filth,  this,  as  an  administrative  scanda3» 
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be  proclaimed  as  the  veiy  type  and  quintesBence ; 

though  sometimes  by  covert  processes   which  I 

hereafter  explain,  yet  far  oftener  in  the  moat 
ng  way,  it  apparently  has  an  invariable  source  in 

which  of  filth  is  the  filthiest ;  that  apparently  its 
ition  runs  its  course,  as  with  successive  inooula- 
i  from  man  to  man,  by  instrumentality  of  the 
scules  of  excrement,  which  man's  filthiness  lets 
gle  in  his  air  and  food  and  drink." 
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CHAPTER  XXL 

POISONOUS  GASES  Ain)  INJURIOUS  VAPOUBS, 

Such  as  hydrochloric  acid  gas  from  alkali  works, 
arsenical  vapours  from  copper-smelting  works,  hydro- 
fluoric acid  from  superphosphate  manufactories,  etc, 
injure  animal  and  vegetable  life,  sometimes  destroying 
all  trace  of  the  latter  for  miles  round.  Then  the  air 
is  vitiated  by  bisulphide  of  carbon  from  indiarubte 
works ;  sulphurous  and  sulphuric  acids  from  bleaching 
works ;  hydrogen  sulphide  from  chemical  works  where 
ammonia  is  manufactured.  It  is  poisoned  also  by 
carbonic  acid,  carbonic  oxide,  and  hydrogen  sulphide, 
from  brickfields  and  cement  works ;  by  organic  vapours 
from  glue  refiners,  bone  burners,  slaughter-houses,  etc.; 
by  the  fumes  of  phosphorus  to  which  lucifer  match 
makers  are  exposed ;  *  and  the  fumes  of  oxide  of  zinc, 
producing  "  brassfounder's  ague."  t 

*  Vide  Report  on  the  Mannfactare  and  Applications  of  Fhosphoras, 
by  Dr.  Bristowe,  in  Fifth  Report  of  Med.  Off.  of  Privy  Council,  1862. 

t  An  examination  of  the  long  list  of  the  manufactures  of  this  and 
of  other  countries,  which  are,  without  scarcely  any  cessation,  engaged 
in  defiling  the  air  by  XK>uring  into  it  a  continuous  stream  of  nozioai 
vapours,  gases,  and  other  injurious  substances,  is  alarming. 
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CHAPTER  XXII. 

SUSPENDED  ANIMAL,  VEGETABLE,  AND  METALLIC, 
AS  WELL  AS  MINERAL  IHPCBTTIES, 

Vre  the  cause  of  aD  immense  amount  of  safTering, 
he  non-poisonous  exciting  lung  disease  by  the  irrita- 


After  the  age  of  thirty-five  the  metal  miners  of 
^mwall  and  Yorkshire  are  liable  to  a  large  mortality 
pom  a  disease  commonly  spoken  of  as  "  minera'  rot" 
?he  lungs  of  colliers  become  black  with  coal  dust 

It  may  be  well  to  enumerate  a  few  of  the  trades 
rhich  suffer  in  this  way  : — * 

Potters  suffer  from  the  dust,  and  have  what  is 
oiled  "  potter's  asthma ; "  f 

Enife-grinders  are  injured  by  the  fine  particles  of 
teel,  and  suffer  from  what  is  called  *  knife-grinder's 
ot;" 

Millers,  sweeps,  hairdressers,  and  snuff-grinders,  are 
iable  to  asthmatic  affections  ; 

Buttonmakers ;  pin-pointers ;  cotton,  wool,  and  silk 

*  Vide  Thackrth's  work  on  the  ^ea  of  Arts,  Trade*,  and  Pro/a- 
vnu  on  Health.  Vide  also  Beporta  on  tha  Districta  with  exceuire 
nortalitj  from  Ltiiig  DbeuM,  in  Third  BLtid  snbaeqnent  Keporto  of  the 
kled.  Off.  of  the  Privy  Cooncil,  bj  Ur.  Simon  and  Dr.  Oreenhow. 

t  It  hu  recentl;  been  publicly  declared  thit  not  less  than  flO  per 
:eV  of  working  potters  die  from  diaeases  of  the  longs. 
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spinners ;  workers  in  flax  factories  ;*  cotton  weavers  ;t 
stone  masons;  grinding  and  millstone  makers |  and 
glass  makers;  makers  of  sandpaper  and  Portland 
cement 

Apart  from  the  very  obvious  injury  to  health 
induced  by  inhaling  dust  of  various  kinds^  the  circum- 
stances which  attend  the  performance  of  this  injurious 
work  are  in  many  cases  highly  deleterious.  The  hot, 
stuffy,  damp,  rebreathed  air  in  which  large  numbers 
of  these  artisans  are  bathed  during  their  hours  of 
labour  is  enough  in  itself  to  predispose  strongly  to  the 
development  of  disease. 

Some  of  the  metallic  dust  to  which  some  workmen 
are  exposed  is  poisonous. 

*  What  a  deplorable  state  of  affairs  is  revealed  by  Dr.  Pardon  in 
his  recent  report  on  the  flax  manufacture  of  this  country ! — LaMi, 
October  27,  1877,  page  680.     He  writes  :— "The  spinners  suffer  lew 
from  phthisis  than  other  classes  of  workers,  but  are  much  influenced 
by  the  moisture  and  heat  of  the  rooms,  which  often  cause  faintinc^ 
accidents  having  occurred  by  the  operatives  falling  when  in  this  state 
on  the  machinery.    The  temperature  in  these  rooms  sometimes  reaches 
82"*  F.,  and  the  garments  of  the  workers  are  so  constantly  wetted  by 
spray  from  the  spindles  that  they  go  out  into  the  open  air  with  sata- 
rated  clothes,  and  are,  of  course,  frequent  victims  to  bronchitis.    The 
weavers  suffer  greatly  from  chest  affections  by  Inhaling  the  damp  air, 
which  has  an  average  temperature  of  75"  F.     Many  of  them  being 
under  18  years  of  age,  and  being  obliged  to  stoop  constantly  at  the 
looms,  get  contracted  chests,  and  this,  with  other  circumstances,  makes 
the  death-rate  very  high.     The  rooms  in  which  the  dressing  of  the 
flax  is  carried  on  require  to  be  kept  at  a  temperature  varying  from  90* 
F.  to  125°  F.     No  one  under  18  years  old  is  employed  in  these  rooms, 
and,  as  it  is  considered  that  their  lives  are  shortened  several  years,  they 
are  paid  very  high  wages. " 

t  Vide  Report  of  Dr.  Buchanan's  Inquiry  at  Todmorden,  in  York- 
shire. 

t  Vide  French  millstone-makers*  phthisis,  by  Dr.  T.  B.  Peacock, 
in  Brit.  Med.  Journal^  October  14,  1876. 
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Maiiufiictui'i'rs  of  wliitc  Icail  iiilialt^  tln^  dust  ct" 
this  metallic  compoimd.  I'lumbei'S  and  painters  are 
very  often  poisoned  by  this  metal  in  consequence 
generally  of  a  want  of  sufficient  cleanliness. 

Workers  in  mercury,  such  as  sUverers  of  mirrors 
and  water  gilders,  suffer  from  mercurial  poisoning. 
Workmen  and  women,  who  make  arsenical  wall  papers 
and  artificial  flowers,  suffer  from  inhaling  the  poisonous 
dust  of  some  compound  of  arsenic.''^  Many  persons 
who  do  not  gain  a  living  by  paper  or  flower  making, 
but  who  are  imwise  enough  to  adorn  the  walls  of  their 
rooms  with  papers  of  gorgeous  hues,  suffer  also,  and 
know  not  what  ails  them. 

Mr.  Kerley  found  that  a  room,  16  feet  square  and 
9  feet  high,  will  have  spread  upon  its  walls,  provided 
any  of  these  arsenical  papers  are  hung,  from  52  grains 
to  more  than  8  ounces  of  poisonous  green  colouring 
matter. 

It  is  a  popular  misteike  to  imagine  that  all  green 
papers  are  coloured  by  arsenic,  or  that  papers  which 
are  not  green  never  contain  arsenic,  or  that  arsenical 
wall  papers  and  flowers  are  the  only  risks  to  health  to 
which  the  imfortunate  householder  is  exposed.  Lead 
p^)ers  and  copper  papers  are  not  fanciful  dangers.  It 
seems  that  clothing  and  furnishing  materials  are  also 
not  exempted  from  the  universal  system  of  poisoning 
and  adulteration  that  prevails.  The  above-mentioned 
analyst  estimated  the  presence  of  5^  ounces  of  aceto- 
arsenite  of  copper  or  "  Paris  green  "  in  a  green  tarletan 
dress  of  16  yards.     Every  sample  of  tarletan  examined 

*  Vide  Report  on  the  Manufacture  and  Applications  of  Arsenical 
Green,  by  Dr.  Guy,  in  Fifth  Report  of  Med.  Off.  of  Privy  Council, 
1862. 


222       SUSPENDED  AHDIAI^  VIUETABLE,  UETAILIC, 

coDtained  it;  the  highei  priced  qualities  of  tills  material 
possessing  more  poiBon  than  the  cheaper  varietiea. 
Some  kinds  of  muslin  are  also  coloured  with  this 
poisonous  material  It  has  recently  been  discovered 
that  the  bright  greens  of  certain  furnishing  materials, 
such  as  chintz  curtains  and  linings,  consist  of  the 
poisonous  compounds — arsenate  of  iron  and  chromium. 
Mr.  Foster,  of  the  Middlesex  Hospital,  who  has  drawn 
public  attention  to  this  matter,*  found  in  each  square 
yard  of  bedroom  chintz  arsenicum,  in  the  form  of  an 
arsenate,  equal  to  45-^  grains  of  white  arsenic,  and 
in  each  square  yard  of  the  chintz  lining  2  0^  grains 
of  this  deadly  poison.  On  estimating  the  number  of 
square  yards  of  chintz  and  lining  in  the  bedroom  of 
a  gentleman  who  had  suffered  for  some  time  from 
nausea  and  nervous  depression,  it  was  proved  that 
there  was  arsenicum  present  in  his  sleeping  apartment 
equal  in  amount  to  26  ounces  of  white  arsenic.  This 
coloured  powder  being  apt  to  be  removed  by  triiling 
causes,  is,  of  course,  disseminated  through  the  air,  and 
well  merits  the  epithet  of  "  devil's  dust" 

These  poisonous  furnishing  materials  have  been 
sold  to  the  public  for  the  last  twenty  years. 

The  latest  surprise  for  the  much-enduring  house- 
keeper is,  that  children  have  been  poisoned  by  white 
araenjc  with  which  "violet  powder"  has  been  found  to 
be  adulterated  to  the  extent  of  25  per  cent,  and  by 
lead,  from  inhaling  the  dust  that  proceeds  irom  inferior 
kinds  of  American  cloth,  with  which  perambiilators 
are  lined.  The  poisonous  coating  of  tiiese  American 
cloths  presents,  after  but  a  brief  exposure  to  damp  and 
sunlit,  a  countless  number  of  cracks,  and  gradually 
■  Lannet,  Aogiut  11,  1877. 
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63  from  the  texture  od  which  it  ia  spread  in  the 
r  a  ime  dust 

lea  aod  the  aroma  of  grasses  will  produce  in 
leople  hay  fever. 

ny  contrivances  have  been  devised  for  the  pro- 
of the  lungs  of  workmen  who  have  to  support 
life "  by  eng^ng  in  the  foregoing  and  other 
thy  callings ;  but  there  is  in  this  field  a  great 
unity  for  those  with  talents  for  invention  to 
e  them  in  behalf  of  these  sufferii^  thousands, 
addition,  the  ventilation  of  workshops  should 
re  attended  to,  for  at  present  the  admiBsion  of 
ind  the  expulsion  of  foul,  air  is  about  the  last 
thought  of.  Happily  something  has  been  done 
direction  not  only  amongst  the  Sheffield  knife- 
:s,*  but  in  the  mines  of  Durham  and  Worthum- 
1,  and  the  greatly  diminished  death-rate  of  these 
lechanics  and  colliers  from  pulmonary  disease 
the  advantage  of  free  ventilation, 
ficient  evidence  has  been  adduced  to  show  the 
^ude  and  enormous  importance  of  the  subject. 
U  literature  and  the  columns  of  the  medical 
bat  dintressing  troths  have  been  for  jeara  presented  to  the 
f  the  late  Dr.  Hall,  of  Sheffield,  respecting  the  sTerage  dnr>- 
Ife  amongst  the  steel.grioding  trades  of  thai  city.  Whrt  fear- 
:  of  life  U  diacloaed  Id  Dr.  Wjnter's  Bummary  of  Dr.  Hall's 
ions  I — "  Drj  grinders  of  forks,  29  yean  ;  razors,  31  years  ; 
32  jKan  ;  edge  tool  and  wool  shears,  32  years ;  spring  knires, 
;  filea,  35  years;  saws,  38  years;  sickles,  38  years."  Some 
meat  has  undoubtedly  been  effected  of  late  yean,  as  the  report 
edical  Officer  of  Health,  contained  in  Dr.  Hall's  last  commnni- 
I  the  profession  shows  ( ' '  Remarks  on  the  Effects  of  the  Tndei 
eld,"  BriL  Med.  Journal,  October  11,  1876),  through  the  in- 
in  of  fans,  but  much  still  remains  to  be  done. 
1671,  S2  grinden  died ;  average  age  at  death,  4S  yean. 
1876,  m        „        „  „  „     42-6    „ 
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press  have  for  years  been  teeming  with  instances  cpf 
the  wholesale  destmctioa  of  health  and  life  by  these 
terribly  dangerous  occupations.  In  brief,  the  injury 
and  fatality  induced  by  impure  air  charged  with 
poisonous  and  non-poisonous  dnfite  is  simply  on 
ignorant  waste  of  human  life. 

The  air  that  we  breathe,  we  who  are  not  engaged 
in  these  unwholesome  avocations,  is  full  of  dust — a 
heterogenous  mixture  of  particles  of  organic  and  in- 
oiganic  origin. 

From  ^e  amount  of  spores  (250,000)  in  a  single 
drop  of  fluid,  Mr.  Dancer  calculated  *  "  that  3  *7^  millions 
of  these  bodies,  exclusive  of  other  substances,  were 
collected  from  2495  litres  =  88  cubic  feet  of  the 
'  air  of  Manchester,'  a  quantity  which  would  be  re- 
spired in  about  ten  hours  by  a  man  of  ordinuy  size 
when  actively  employed."  It  may  well  be  said, 
"  Surely  this  dust  that  we  all  of  us  breathe  must  be 
hurtful  Is  Uiere  no  provision  in  nature  for  countOT- 
acting  its  baneful  influence  ? "  There  is  no  doubt  but 
that  the  less  of  it  we  have  the  better  for  as.  We  an 
taught  in  eveiy  possible  way,  if  we  will  but  be  guided 
by  the  teachings  of  nature,  to  be  clean.  If  people  will 
but  admit  an  abundance  of  Kature's  great  disinfectant, 
pure  fresh  air,  into  their  houses,  and  at  the  same  time 
keep  themselves  and  their  houses  clean,  they  will  not 
be  injuriously  influenced  by  the  dust  of  the  air. 

*  Microacopic  Examination  of  tlie  Solid  FarticlM  of  the  Air  tl 
Manchegter.  Proc.  Lit.  and  Phil.  Soe.  of  Mantk/Mer,  voL  ir.,  teri" 
S,  ia67-6S. 
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CHAPTER  XXIII. 

EMANATIONS   FROM   GROUND   HAVING   DAMP    AND    FILTHY 
SUBSOIL SUBSOIL  AIB,  CHUKCHYASO  AIK,  HABSH  AIS. 

The  air  of  towns,  and  also  that  of  houses,  is  often 
deteriorated  hy  emanations  from  wet  and  filthy  sub- 
soil It  haa  been  distinctly  proved  both  in  Uiis  country 
and  in  America  that  the  death-rate  of  consumption  is 
diminished  very  considerably  by  drying  the  subsoil 

Bheumatiam  and  heart-disease,  which  is  so  frequent 
a  concomitant  of  rheumatic  affections,  is  lessened  by 
the  same  beneficial  measure.  Emanations  from  filthy 
soil  produce  diarrhcea  in  that  part  of  the  year,  namely 
autumn,  when  there  is  a  predbposition  to  intestinal 
disorders.  It  is  very  unwise  to  allow  the  soil  close  to 
houses  to  be  defiled  by  filth,  for  the  fires  of  a  house, 
creating  a  force  of  suction,  draw  into  the  house  the 
air  contained  in  the  surrounding  soil,  as  well  as  of  that 
on  which  it  is  built.  The  popular  impression  that 
the  atmosphere  ends  where  the  ground  begins  is  a  very 
widely  spread  delusion.  Most  soib  are  more  or  less 
porous.  A  house  built  on  a  gravelly  soil  stands  on  a 
fonndation  composed  of  a  mixture  of  two  parts  of 
small  stones,  and  one  part  of  air.  The  air  may 
^ve  place  to  any  gas  or  to  water.  The  porosity  of 
Boils  may  be  well  illustrated  by  the  following  experi- 
ment devised  by  Pettenkofer.* 

*  Oulera :  Him  to  Prrvait  and  Eetitl  it,  by  Dr.  Mai  von  Petten- 
kofer.   TtMsUted  by  Dr.  Hime, 

Q 


EHAHATIOKS  FBOK  DAMP 


"  If  a  person  blows,  as  represented  in  the  figure, 
on  the  surface  of  the  gravel,  the  water  in  the  U-shaped 
tube  will  be  seen  to  alter  its  position,  the  level  of  die 


side  next  the  person  who  is  blowing  becoming  lowered, 
and  the  other  proportionately  elevated.  The  depres- 
sion of  the  fluid  is  caused  by  the  force  of  the  air  blown 
through  the  gravel,  because  it  ascends  from  the  bottom 
of  the  gravel  through  the  small  glass  tube,  passes 
through  the  indiarubber  tube,  and  thus  reaches  the 
water." 

Eemembering  the  force  with  which  the  wind  often 
strikes  the  surface  of  the  ground,  exciting  a  pressnM 
during  a  hurricaDe,  amounting,  according  to  some,  ^ 
36  and  to  others  of  50   pounds  on  every  square  foot, 


AKD  nLTHT  SOIL.  227 

it  cannot  be  a  matter  of  surprise,  in  the  light  of  the 
above  experiment  performed  by  a  simple  blowing  from 
die  mouth,  that  foul  and  pestiferous  air  from  the  Slthy 
earth  beneath,  and  close  to  our  habitations,  should  be 
introduced  into  them,  aided,  as  this  driving  force  is,  by 
the  suction  power  created  by  the  fires  and  lamps,  etc 
I  have  encountered  instances  in  which  foul  air  from 
diaius,  cesspools,  and  from  leaky  gaspipes,  has  been 
drawn  into  houses  great  distances,  and  has  caused 
iU-health  and  death  from  the  continued  poisonous  con- 
dition of  the  air.  Pettenkofer,  of  Munich,  relates  a 
case  *  where  gas  was  found  to  have  travelled  a  space 
of  2  0  feet  ftoxa  the  street  main  into  the  house. 

Br.  F.  de  Chaumont  refers  f  to  a  case  that  occurred 
to  Dr.  Fytfe,  in  which  the  foul  air  from  a  cesspool  was 
Bucked  into  a  house  a  distance  of  27  feet.  It  is  im- 
possible for  any  public  health  physician  to  speak  in 
temperate  language  of  the  crime  of  erecting  houses, 
and  of  allowing  houses  to  be  constructed,  on  filthy  and 
sodden  foundations.  No  one  can  possibly  enjoy  for 
any  length  of  time  good  health  in  such  buildings,  and 
the  diseases  from  which  the  inhabitants  suffer  are 
generally  influeaced  so  unfavourably  by  the  insanitary 
conditions  in  which  they  exist,  as  to  have  a  tendency 
to  death  rather  than  to  recovery.  I  once  visited  a 
little  town  on  the  coast,  swept  by  tiie  purest  of  breezes 
— the  sea  breeze — where  scarlet  fever  was  prevalent. 
In  one  part  of  the  town,  where  the  cottages  were  kept  in 
a  cleanly  and  wholesome  state,  and  were  built  on 
nigin  soil,  the  disease  showed  itself  in  the  mild  form 
of  scarlatina,  and  not  a  death  occurred.  In  another 
P»rt  of  the  town  nearly  every  family  lost  one  or  more 
*  op.  cU.  f  L«t»ret  on  SlaU  Mtdieint. 
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childten,  killed  almost  immediatety  "by  the  poison.  I 
vent  into  one  of  Uie  cottages  where  all  the  diildna, 
five  in  number,  vere  destroyed,  and  talked  to  the  foot 
afflicted  parents.  The  &ther,  pointing  to  a  loose  plank 
of  the  floor,  moved  a  portion  of  it  aside.  I  poBbed 
my  walking  stick  down,  and  stirred  up  the  soil  over 
which  this  family  had  been  living.  It  was  fluid  filUi 
The  cottages  in  which  these  fatal  cases  occurred  had 
been  erected  on  ground  made  up  of  stinking  Mi, 
brickbats,  earth,  and  every  kind  of  decomposing  dfbriti 
Suhsoil  Air. — The  chemical  composition  of  the  aii 
contained  in  soils  has  been  investigated  by  manf 
chemists,  such  as  Bousaingault  and  Lewy,  Fetten- 
kofer.  Fleck  of  Dresden,  Nichols  of  Massachusetts, 
and  others.  A  large  excess  of  carbonic  acid,  an  excess 
of  oxygen,  a  little  carburetted  hydrc^en,  a  tiace  of 
ammonia  and  hydrogen  sulphide  (when  the  grouiul 
water  possesses  sulphates),  have  been  discovered.  The; 
all  seem  to  be  unanimous  as  to  the  much  greater 


quantity  of  carbonic  acid  in  ground  air  than  in  atmo- 
spheric air,  and  as  to  its  great  variability  in  amount 
The  former  fact  is  well  demonstrated  by  an  expenment 
and  illustration,  contained  in  Mr.  W.  N.  Hartley's  Air 
and  its  delation  to  Life. 


A  tlask  tiiU  of  clt'ar  l>;n\t;i  water  is  coniicclt'd  liv 
tubes  to  a  vessel  tilled  ^vith  eiirtli,  and  again  attached 
to  this  is  another  flask  of  baryta  solution.  By  draw- 
ing air  through  the  whole  system  of  bottles  the  amount 
of  insoluble  carbonate  of  baryta,  formed  in  the  first 
flask  by  the  carbonic  acid  in  the  air,  may  be  compared 
with  that  in  the  second  flask,  produced  by  the  carbonic 
acid  in  the  soiL 

Pettenkofer  discovered  that  the  amount  of  carbonic 
acid  in  ground  air  varies  in  different  seasons  of  the 
year,  that  it  reaches  its  minimum  from  January  to  May, 
and  then  rises  steadily  to  its  maximum  from  July  to 
November.  The  occurrence  of  the  maximum  in  autunm, 
is  probably  the  result  of  high  temperature  and  excess 
of  decomposing  organic  matter.  The  exact  period  of 
the  minimum  has  not  been  so  clearly  determined. 
The  analyses  of  the  air  of  soils  of  various  kinds  that 
rest  on  different  formations,  the  degree  of  porosity 
of  soils,  and  the  connection,  if  any,  of  the  same 
with  such  diseases  as  diarrhoea  and  certain  forms  of 
continued  fever,  is  an  extremely  interesting  field  for 
research  which  has  been  but  barely  opened  out.  That 
there  is  a  very  decided  relation  between  the  state 
of  the  groimd  air  and  the  continued  prevalence  in  a 
given  locality  of  diarrhoea  at  certain  seasons  is  a  matter 
of  strong  probability. 

It  has  been  suggested  that  the  amount  of  car- 
bonic acid  in  ground  air  be  taken  as  indicative  of 
the  degree  of  impurity.  As  the  animal  poisons  seem  to 
attach  themselves  always  to  minute  particles  of  animal 
and  vegetable  organic  matter  in  a  state  of  decomposition^ 
a  study  of  the  comparative  amount  of  organic  matter 
in  the  ground  air  of  soils  cannot  well  be  omitted. 
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chuAywi        I%«  Air  of  Churchyards  and  Vaults  is  richer  in 
'*'•  carbonic  acid  than  ground  air,  and  contains  often  a 

putrid  organic  vapour,  hydrogen  sulphide,  carbonate  of 
ammonia  and  sulphide  of  ammonium,  and  elementaiy 
forms  of  animal  and  v^etable  life. 
Xudiasr.  ^^  ^^^  ^/  Marshts  contains  also  a  large  excess  of 

carbonic  acid  and  organic  matter.     Great  quantities  of 
living  organisms  and  oiganic  debris,  carried  upward  for 
a  certain  distance  by  the  ascensional  force  afforded  by 
the  evaporation  of  water,  are  discernible  on  microscopic 
examinatioiL     Carburetted  and  phosphuretted  hydro- 
gen gases  are  evolved  by  marsh  land,  and  sometimes 
hydrogen  and  ammonia.     The  time  to  be  selected  for 
making  observations  on  the  composition  of  marsh  air 
is  in  the  early  morning  or  evening,  when  the  density 
of  the  air  and  the  deposition  of  dew  prevents  a  free 
admixture  of  the  impure  with  the  higher   strata  of 
pure  air,  or  during  a  hot,  sultry  noon  when  no  breeze 
keeps  the  air  in  motion.     I  have  made  analyses  of  the 
air  of  marshes  that  are  hotbeds  of  ague,  taken  on  a 
fine  day,  whilst  a  gentle  wind  blew  over  them,  and 
have  found  no  more  organic  matter  in  such  air  than  in 
pure  air  collected  simultaneously  on  high  hills.     This 
fact  is  only  another  proof  of  the  marvellous  purifying 
properties  of  air,  and  the  tendency  throughout  nature, 
not  only  in  the  air,  but  in  the  earth  and  in  water,  to 
self-purification,  and  to   the  restoration  of  an  equili- 
brium. 
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CHAPTER  XXIV. 

THE  DELETEBIOCS  EFFECT8  ON  HEALTH  OF  THE 
AIR  OF  OXIB  HOUSES. 

)  dilate  on  such  a  subject  would  be  indeed  need- Tb"  •'">' 
13  to  students  of  preventive  medicine,  if  a  general 
cognition  existed  of  the  fundamental  principles  oo 
lich  the  Telations  l^etveen  a  state  of  health  and 
jease,  and  between  a  condition  of  health  and  ihe 
Tjumstances  which  tend  to  promote  and  deteriorate 
rest.  The  old  notion  that  disease  is  a  sort  of 
dignant  demon  that  takes  possession  of  the  body, 
d  requires  to  be  combated  and  expelled  by  some 
olent  means,  is  still  a  very  wide-spread  one,  even 
longst  some  of  the  rural  rank  and  tile  of  the  medical 
ofession,  and  any  modern  ideas  as  to  the  relations  of 
alth  to  the  conditions  of  those  surroundings  of  life, 
mely,  tlie  air  we  breathe,  the  water  we  drink,  and 
e  food  we  eat,  which  so  seriously  iuBuence  it  for 
od  or  evil,  are  often  received  with  a  smile  of  in- 
edulity.  The  public  suiely  ought  not  to  require  a 
ilful  physician  to  teach  them  what  common-sense 
culcates,  that  perfect  bodily  and  mental  health  can- 
it  be  enjoyed  by  those  who  are  inattentive  to  the 
sanliness  of  the  body,  and  of  that  which  enters  it 
lere  is,  unhappily,  an  increasingly  exa^erated  im- 
•rtance  attached  at  the  present  time,  by  great  numbers 
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of  people,  to  the  injurious  effects  of  impure  water.    It 
is  the  fashion  to  ascribe  almost  every  indisposition  to 
the  condition  of  the  water  supply.     The  tendency  to 
run  into  extremes  about  most  matters,  and  to  ride 
hobbies,  is  but  too  frequently  observed.     On  the  other 
hand,  there  does  not  yet  exist  in  the  public  mind  an 
adequate  conception  of  the  extent  of  the  danger  to  the 
health  which  is  induced  by  a  continual  immersion  of 
the  body  in  impure  air,  notwithstanding  the  efforts 
that  have  been  made  in  this  direction  for  the  enlighten- 
ment of  the  public  mind.     For  years  I  have,  as  medi- 
cal of&cer  of  health,  been  preaching  on  this  subject, 
pretty  much  in  the  language  of  my  First  Annual  Be- 
port  of  1874,  which  contains  the  following  passages: — 
The  teaching  "  It  should  not  be  nccessaiy  to  point  out  the  blessings 
offloen.       of  pure  air,  and  the  evils  resulting  from  the  inhalation 
of  a  vitiated  atmosphere.     Excluding  from  considera- 
tion the  effects  of  an  exposure  to  the  foetid  gases  of 
organic  decomposition,  wliich  act  like  other  poisonous 
chemical  agents,  it  may  be  said  that  offensive  smells, 
the   products  of   putrefaction,  are  not  only  injurious 
in  themselves,  but  serve  as    danger  signals  bidding 
men    to  beware.     By  acting  as  depressants,   and   as 
reducers    of  bodily  vigour,  they   tend  to   make  the 
system  more   prone   to  be  attacked  by  disease.     As 
the  smell  of  gas  in  a  house  warns  men  of  the  pre- 
sence of  a  body  dangerous  when  diffused  through  it, 
so  an  offensive  smell  is  a  signal  of  the  possibility  of 
the  presence  of  the  poison  of  a  disease.     A  stench 
may  or  may  not  be  associated  with  a  disease  poison, 
and  no  one  knows  when  it  is  and  when  it  is  not  thus 
accompanied.     As  a  means  of  warning  to  those  exposed, 
an  offensive  smell  is  useful,  but  we  must  remember 
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Eigents  which  deatroy  the  stiuk  of  lilth  may  yet 
sJl  its  powers  of  disease-production  undiminished, 
ae  poisons  or  ferments,  although  not  always  in 
ompaoioQship  of  stinks,  are  often  so,  and  it 
es  every  one  to  remove  the  caxisQ  of  stinks,  and 
nt  their  recurrence.  Disease  ferments  may  fatally 
the  human  body  in  doses  quite  unappreciable  to 
lost  acute  sense  of  smell.  All  impleasant  smells 
I  a  certain  extent  deleterious,  fdthough  infinitesi- 
so  perhaps.  Pleasant  odours,  if  in  excess,  he- 
injurious  to  some  persons.  Those  who  visit  the 
devoted  to  the  cultivation  on  a  large  scale  of  the 
ind  jessamine  in  France,  for  the  manufacture  of 
i,  experience,  after  being  exposed  to  these  per- 
I  for  a  little  time,  severe  frontal  headache  and 
ade,  symptoms  which  speedily  pass  away  when 
emerge  from  these  odoriferous  tracts  of  country, 
ould  always  be  remembered,  then,  that  smells 
1  offend  the  senses,  even  when  not  accompanied 
sease  poisons,  act  deleteriously  on  the  health  of 
frequently  exposed  to  them,  by  depressing  the 
n,  thereby  lessening  the  resistance  of  the  frame 
e  approach  of  disease,  and  by  diminishing  the 
Y  vigour,  rendering  the  vis  medicatrix  naturse  a 
chance  of  success  in  preventing  disease  from 
)ying  those  attacked." 

le  elFect  of  all  the  exertions  of  that  class  who 
been  called  sanitary  reformers  is,  that  large  num- 
>f  people  tacitly  acknowledge  that  the  constant 
ition  of  air  rendered  impure  to  the  senses  of  sight 
mell  is  likely  to  injure.  Is  it  very  difficult  for**™"*' 
ubiic  to  go  a  step  further  and  cease  to  offer  oppo-  hidoiibm 
,  to  the  belief  which  is  rooted  in  tiie  mind  of'"*''^ 
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every  public  bealUi  pbysiciaii,  that  frequent  exposon 

of  the  body  to  air  that  is  deteriorated  in  quality  either 

by  having  been  rebreathed  without  purification,  oi 

devitalised,  tends  to  a  reduction  of  the  vital  powoi, 

a  state  which  is  favourable  to  the  development  of  * 

perversion  of  healthy  action,  the  precuraor  of  diseasa 

Dr.  Kicbardson  has,  in  his  attractive  style,  matt 

candidly  spoken  out  on  this  subject  in  his  IHteoMit 

Dr.  BKduni-  of  Modem  Life.     "  It  is  this    devitalised  air  in  oor 

rfuta^ni?''  overcrowded  towns  and  cities,  where  there  is  no  vege- 

mvi  *!*■    tation  to  revivify  it,  which  we  distinguish  as  sometluDg 

ditirtan.     so  different  ftum  the  fresh  country  air  that  streama 

ti»  over  forest  and  meadow.     It  is  the  breathing  of  Uu» 

MI  that  makes  the  child  of  the  close  town  so  pale  oA 

lax  and  feeble,  as  compared  with  tlie  child  of  the 

country.     It  is   this  aii  that  renders  the  atmoaphote 

of  the    crowded   hospital   so   deficient  in    sustaining 

power.     It  is    this    air  that  gives   to  many  of   our 

public  institutions,  in  which  large  numbers  of  out 

poorer,  ill-clad,  uncleansed  masses  are  herded  together, 

that '  poor  smell,'  as  it  is  called,  which  is  so  depresa- 

ing  both  to  the  senses  and  to  the  animal  power. 

"  In  many  private  houses,  bouses  even  of  the  well- 
to-do  and  wealthy,  streams  of  devitalised  air  are  nursed 
with  the  utmost  care.  There  is  the  lumber-room  of 
the  bouse,  in  which  all  kinds  of  incongruous  things 
are  huddled  away,  -and  excluded  from  %ht  and  fresh 
air.  There  are  dark  understairs  closets,  in  which  cast- 
off  clothes,  charged  with  organic  ddbris  of  the  body, 
are  let  rest  for  days,  or  even  weeks,  together.  There 
are  bedrooms  overstocked  with  furniture,  Oie  floors 
covered  with  heavy  carpets,  in  which  are  collected 
pounds  upon  pounds  of  organic  dust.     There  Bse  dress- 
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iii;>^^-r<M)nis,  ill  wliidi  are  stowed  away  did  slioes  and 
^vull-packed  drawers  of  well-worn  elotliiiig.  Tliere  are 
dining-rooms,  in  which  the  odoiir  of  the  latest  meal  is 
never  absent,  and  from  the  cupboards  of  which  the 
smell  of  decomposing  fruit  or  cheese  is  always  emanat- 
ing. There  are  drawing-rooms,  in  which  the  scent  of 
decayed  roses,  or  of  the  varnish  from  the  furniture,  or 
of  the  dye  from  the  table-covers,  is  always  present 
There  are  kitchens  in  which  there  is  the  odorous  indi- 
cation of  perpetual  cooking.  There  are  sculleries 
^here  the  process  of  '  washing  up '  seems  to  be  in 
permanent  action,  and  where  the  products  of  change 
&om  stored  bones,  potato  parings,  recent  vegetable 
green  food,  and  other  similar  refuse,  are  abiding. 
There  are  water-closets  in  which  there  is  at  every 
time  of  day  or  night  a  persistent,  faint  ammoniacal 
organic  odour. 

''The  process  of  devitalisation  of  the  air  is  again 
effected,  locally,  in  human  habitations,  by  the  presence 
in  it  of  the  lower  forms  of  life.  When  in  tjie  dwell- 
ing-house dogs,  cats,  tame  mice,  birds,  squirrels,  are 
kept  in.  such  numbers  that  the  odours  of  the  animals 
are  perceptible ;  when  flies  cover  the  ceilings,  and  a 
mould  collects  on  the  walls,  then  the  air  teems  with 
myriads  of  minute  living  forms,  and  with  organic 
dust  Every  particle  of  this  matter  induces  deteriora- 
tion of  the  air  that  feeds  the  lungs." 

Although  many  may  smile  on  reading  the  foregoing 
extract,  every  one  with  any  experience  of  life  must 
admit  the  truthfulness  and  fidelity  of  the  sketch. 
The  principles  that  should  be  firmly  implanted  in  our 
minds  are  involved  in  the  consideration  of  such  golden 
rules  as  the  following : — 
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FkfneipiM     1.  An  exposure  of  the  body  continually  to  a  smell,  be 
thepnidic  ^^  &  pleasant  or  an  unpleasant  one,  is  deleterious 

mindBboald  tO  health, 

be  imbiiML 

2.  An  odour  that  is  at  first  pleasant,  generally  soon 

becomes  objectionable.  The  little  is  gratefiil 
but  a  constant  excess  of  the  perfume  is  hurtful 

3.  An  unpleasant  odour  may  or  may  not  be  in  the 

companionship  of  a  disease  ferment,  and  no  one 
knows  when  it  is  or  when  it  is  not  so  accom- 
panied. The  putrid  gases  of  decomposition  will 
not  in  themselves  give  rise  to  the  development 
of  either  of  the  zymotic  diseases. 

4.  When  an  unpleasant  odour  is  not  associated  with  a 

poison  of  a  disease,  it  is  nevertheless  deleterious 
to  the  health  of  those  constantly  subjected  to  its 
influeuce.  I  know  that  this  statement  will  be 
doubted  by  some.  Several  instances  of  its  truth 
have  occurred  to  me.  For  example,  a  man  in 
good  health  took  a  house  close  to  one  of  those 
public  trade  nuisances  where  the  smell  of  melted 
tallow  taints  the  air,  and  suffered  in  consequence 
severely  from  nausea  and  diarrhoea.  Here  no 
septic  ferment  could  have  existed,  such,  for 
example,  as  is  supposed,  with  good  reason,  to  be 
mingled  with  the  odours  of  the  dLssecting-roomu 

5.  The  healthy  human  body  often  becomes    inured, 

after  long  exposure,  to  unpleasant  odours,  and  at 
length  hardly  notices  them,  if  always  immersed 
in  them.  Those  actively  injurious  effects  of  im- 
pure air,  such  as  nausea,  diarrhoea,  etc.,  often 
gradually  pass  away.  If  a  man  is  possessed  of 
exceptional  powers  of  vigour,  which  enable  him 
to  maintain  a  successful  warfare  with  those  de- 
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]>rfssin'j;  iiitliu'iict's  that  suitouikI  liini,  lie  iiia\' 
live  iur  a  great  many  years  iu  tolerable  health, 
although  defying  the  laws  of  nature.  The  large 
majority  become  affected  in  course  of  time,  if  not 
suddenly  attacked  by  a  passing  epidemic  (to  which 
a  person  living  under  unhealthy  conditions  is 
especially  prone),  by  the  insidious  progress  of  a 
chronic  disease. 
6.  Air,  which  is  not  dejfiled  by  the  offensive  produc- 
tions of  decomposition,  may  contain  organic  matter 
in  the  form  of  dust  or  vaporous  emanations,  as 
carriers  of  the  speciiGic  poisons. 

A  cursory  examination  of  these  dicta  may  lead  some 
one  who  is  indisposed  to  remove  a  nuisance  from  his  pre- 
mises to  urge  that  the  whole  question  as  to  whether  an 
odour  is  or  is  not  injurious  to  health,  rests  on  the  point 
as  to  whether  it  does  or  does  not  annoy  the  person  con- 
tinually exposed  to  it.     Anything  which  persistently 
worries,   disturbs,  and  irritates,  is  imdoubtedly  dele- 
terious to  health,  although  the  injury  may  be  so  in- 
finitesimal that  it  cannot   perhaps  be   measured    or 
demonstrated.     It  will  probably  scarcely  inconmiode 
the  resilient  disposition   of   the  young  and  healthy 
animal  that  is  naturally  cheerful,  and  disposed  to  look 
on  everything  with  a  cotUeur  de  rose  hue.     The  human 
body  by  acclimatization  can  adapt  itself  to  wondrously 
different  circumstances,   although  a  certain  injury  is 
received  by  so  doing,  but  it  never  reaches  the  period 
of  old  age  if  continually  bathed  in  impure  air,  although 
that    air   may  have   long   ago  ceased  to  offend  the 
olfactory  nerves.      The  comparative  freedom  of  the 
sewer  men  of  Paris  from  cholera  and  other  zymotic 
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diseases,  an  assertion  which  has  enconiaged  the 
opinion  that  a  constant  exposure  to  morbific  ferments 
or  contagia  diminishes  the  risk  of  being  injnred  hj 
them;  the  absence  of  any  marked  injury  to  health 
during  the  year  that  the  Thames  was  so  odoriferons; 
and  of  any  excess  of  zymotic  disease  in  the  neigfabo^^ 
hood  of  Montfauqon,  in  Paris,  where  much  of  the  filth 
of  that  city  is  stored  preparatory  to  its  conversion 
into  manure  for  agricultural  purposes  :  will  perhaps  be 
urged  as  contradicting  these  views.  It  is  a  weD- 
established  rule,  however,  notwithstanding  the  existence 
of  certain  much-talked-of  supposed  exceptions,  which 
is  recognised  by  the  whole  of  the  medical  profession, 
even  to  its  humblest  member,  that  there  is  a  greater 
mortality  amongst  those  who  are  exposed  continnally 
to  impure  air  than  with  others  who  are  not  so  circum- 
stanced, and  that  the  diseases  from  which  the  former 
suffer  are  of  an  asthenic  type  tending  to  death  rather 
than  to  recovery. 
Air  of  the  The  amount  of  oxygen  in  the  air  is  diminished, 

towMand    *^^  ^^^^  ^^  ^^^  carbouic  acid  is  increased  by  respira- 
cities  i«  not  tion,  and  combustion  and  decay  of  organic  matter,  the 
hLb^"  former,  to  speak  in  popular  language,  being  the  hfe- 
8J^|y     giving    and    purifying    principle,    and    the    latter  its 
noxious   substitute.     Thanks  to  the  diffusive   powers 
of  gases,  and  the  effects  of  wind,  and  to  the  currents 
produced  by  the  fires  of  large  towns,  and  last,  but  not 
least,  to  the  wonderful  cleansing  properties  of  fresh 
air,  the  air  of  the  streets  of  our  towns  is  not  so  impure 
Air  of  our     as  might  be  expected.     The  air  of  our  houses,  on  the 
exhibitfthe  other  hand,  is  genemlly  very  impure,  because  the  con- 
preeenceof  tinuous  admission  into  them  of  pure  air,  and  expulsion 
of  that  which  has  been  used  up,  is  rarely  thought  of, 
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or  if  80,  is  seldom  efficiently  maonged.  In  reapiration  •»'™i 
we  deteriorate  an  enormous  quantity  of  air  (about  Atgeuu 
gallon  a  minute),  and  we  are  continually  throwing  off 
carbonic  acid  and  organic  matt«r.  Every  time  we 
breathe,  and  we  breathe  about  eighteen  times  per 
minute,  we  expel  30  cubic  inches  of  air,  which 
amount  contains  12  9  cubic  inch  of  carbonic  acid, 
or  161  cubic  feet  in  the  24  hours.  In  the  16  cubic 
feet  of  carbonic  acid,  there  are  about  7  J  ounces  by 
weight  of  charcoal  Others  say  that  the  amount  of 
charcoal  is  160  grains  per  hour  =  8  ounces  in  24 
hours.  Air  which  has  been  once  breathed  should 
never  be  breathed  ^ain  until  it  has  been  mingled 
with  fresh  air,  in  order  that  the  impurity  which  it  has 
acquired  may  be  removed  from  it,  and  that  it  may 
regain  a  wholesome  amount  of  moisture. 

Architects    design   houses,  local  boards  pass  the 
plans,  builders  erect  places  which  are  totally  devoid 
of  all  provision  for  the  admission  of  fresh  air,  and  may 
be  likened  to  Holes  of  Calcutta  on  the  small  scale. 
As  for  arranging  for  a  change  of  air  by  the  passt^e 
through  a  room  of  warmed  fresh  air  in  winter,  and 
cooled   fresh  air  in  summer  of  a  healthful  degree  of 
humidity,  such  a  proceeding  is  never  dreamt  of.     The 
drowsiness  which  often  oppresses  our  congregations  may 
frequently  be  more  correctly  ascribed  to  the  absence  of  *-^^ 
anyattempt  at  ventilation  than  to  the  cause  to  which  it  is  "^ 
generally  attributed.     Who  is  there  not  acquainted  with  t™"* 
the  unwholesome  atmosphere  to  be  met  with  in  nearly  me  c 
every    public    building  ?    whilst    our    drawing-rooms,  ""^ 
dining-rooms,  and  bedrooms,  even  in  the  best  houses, 
are  too  often  in  a  most  disagreeable  state  of  what  is 
termed  "  closeness."     On  once  remonstrating  with  the 
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verger  of  a  chxirch  in  a  suburb  of  London  with  teepect 
to  the  oppressive  state  of  the  air  during  the  Sunday 
afternoon,  and  on  suggesting  to  him  the  propriety  of 
opening  freely  the  windows  during  the  interval  between 
the  first  and  second  services,  he  expressed  his  dis- 
approval of  my  proposition  by  informing  me  that  if  he 
*'  followed  my  advice  the  church  would  catch  a  chilL* 

I  have  always  maintained,  and  increased  experience 
has  only  confirmed  my  previous  conviction,  that  the 
impure  condition  of  the  air  of  our  houses,  be  they  be- 
tones,  public  buildings,  or  dwelling-houses,  has  mnch 
to  do  with  the  great  prevalence  of  such  diseases  u 
phthisis  pulmonalis,  bronchitis,  and  pneumonia^  whidi 
together  make  up  nearly  one  quarter  of  the  total  nuff- 
tality ;  and  if  we  could  strike  a  telling  blow  at  that 
great  universal  evil — namely,  poisoning  by  impure  air 
— we  should  do  much  to  save  life.  Unventilated  and 
overcrowded  workshops  and  schools  are,  moreover,  the 
nurseries  of  strumous  diseases  in  general,  which  sap 
the  strength  of  the  commimity. 

During  the  decennial  period  1865  to  1874,  not 
less  than  half  a  million  individuals  died  of  phthisis, 
and  three-quarters  of  a  million  of  people  were  destroyed 
by  other  diseases  of  the  limgs  in  England.  The  depend- 
ence of  these  diseases  on  vitiated  air  was  maintained  by 
Dr.  Alison  ^  as  long  ago  as  1824,  by  Baudelocque  in 
1834,t  and  very  likely  long  before  those  years. 

That  air  vitiated  by  respiration  is  the  one  great 
cause  of  pulmonary  consumption,  which  may  be  trans- 
mitted from  parents  to  children  for  generations,  needs 
no  proof,  as  it  rests  on  such  a  mass  of  evidence. 

♦  Edinburgh  Med.-Chirurgieal  Transactions,  vol.  i. 
t  Etvdea  sur  la  maiadie  scrophuleuse. 
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The  facta  that  an  increaae  of  this  disease  occurs 
art  passu  with  an  increaae  in  the  density  of  a  popu- 
Ltion  ;  that  in  manufactuiing  centres,  where  the  malciS 
re  the  chief  workers  at  indoor  employment,  the  male 
eath-rate  is  the  highest ;  and  in  others,  where  females 
te  principally  required  at  indoor  work,  they  suffer 
lost ;  that  in  agricultural  districts,  where  tlie  men 
tend  nearly  all  their  lives  in  the  open  air,  and  the 
omen  scarcely  ever  leave  their  cottages,  the  female 
jath-rate  from  this  disease  is  higher  than  the  male  : — 
■e  all  corrohorative  of  this  inevitable  conclusion. 

Dr.  Farkes  mentions  a  remarkable  circumstaace 
iustrative  of  this  connection  as  having  occurred  in 
ienna.  In  the  badly-ventilated  prison  of  Leopold- 
adt,  51~4  per  1000,  whilst  in  the  well-ventilated 
!ouse  of  Correction  of  this  city,  7'9  per  1000  died  of 
insumption. 

Dr.  Guy'&  evidence  before  the  Health  of  Towns 
ommiasion  contained  most  striking  statements  as  to 
le  journeymen  printers  of  London.  He  divided 
lem  into  three  classes : — 

The  ls(  Clogs  consisted  of  men  who  worked  in  rooms 
'here  they  had  less  than  500  cubic  feet  of  air  per 
ead.  Of  these  12^  per  cent  had  spat  blood,  and  a 
J^e  proportion  had  been  subject  to  catarrh  ; 

The  2d  Class  comprised  men  who  had  between  500 
nd  600  cubic  feet  of  breathing  space  per  individual, 
oi  amongst  them  intermediate  effects  were  noticed  ; 

The  3d  Class  was  composed  of  men  who  worked  in 
ihops  where  they  had  more  than  600  cubic  feet  per 
ndividual,  and  amongst  these  only  4  per  cent  had 
luffered  from  spitting  blood,  and  only  2  per  cent  from 
»tarrh. 
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The  published  opinions  of  Dr.  Farr,  Dr.  Maic«t,  Mr. 
Welch,*  Dr.  Eansome,  f  Dr.  Parkes,  Dr.  Auatin  Flinty 
and  Sir  James  Clark,  are  all  to  the  same  effect. 

The  continued  employment  of  rebreathed  air  for 
reapitatory  purposes,  and  ita  bearing  on  the  develop- 
ment of  that  tfinibly  fatal  strumouB  disease,  pulm<aiU7 
consumption,  has  been  vigorously  brought  befoi«  the 
world  by  Dr.  MacCormack,  of  Belfast,  J  who,  to  show 
his  enmity  to  used-up  air,  is  said  to  sleep  alwaja, 
during  winter  and  summer,  as  do  also  his  family,  with 
the  windows  of  their  bedrooms  widely  opened. 

The  testimony  of  the  most  able  physicians  of  tbit 
and  other  countries ;  the  results  of  enquiries  as  to  the 
prevalence  of  this  disease  amongst  the  picked  men  of 
the  armies  and  navies  of  the  world ;  the  repoita  of 
hospitals  for  consumption,  and  of  commissions  and 
committees  appointed  to  make  special  investigations  u 
to  jails,  workhouses,  and  schools  :  all,  in  various  degrees, 
point  to  this  one  conclusion.  There  are  one  oi 
apparent  exceptions  to  this  rule  in  Iceland  and  the 
Hebrides,  which  are  worthy  of  attentive  consideratioa' 
We  have  evidently  something  to  leam  as  to  the  effect  (i 
sea  air,  the  air  of  high  latitudes  and  elevated  r^oU 
on  this  disease. 


•  "Oh  the  Xature  anrt  Variations  of  Destructive  Lnng  Di>«aK, 
Been  amongst  Soldielv,  and  the  hfgieaic  conditions  under  vhich  tlit) 

t  "Foul  Air  and  Lnng  Disease." 

J  ' '  t'onauniption,  aa  engendered  by  rebrenthed  air. " 

i  r/rf«  Dr.  Morgan,  on  tlic  "Kon  prtfTalenceof  PlitliiHJB  in  the  HA 
ridea  ami  nlonf;  llic  K.W.  Ciinat  of  Scotland.  "—5i-rt,  and  Foraf 
Mcdico-t'hinirgical  Rtvieir,  1860,  vol  iivi.  ]iage  *83. 

Controversy  in  tleilitul  PerJodicaK  during  1S6S  and  1869,  betwdJ 
Dr.  MacCormack,  Dr.  l^'ared.  Dr.  TIjaltelin,  and  others,  as  to  irhetM 
Phthisis  is  or  is  not  indigenous  in  Icelnnd. 


as.-_     - 
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Some  animals  that  are  kept  for  a  long  time  in  coa- 
(iiieiDeot  are  affected  in  a  manner  similar  to  man.  The 
monkeys  of  our  Zoological  Gardens  are  well  known  to 
die  in  great  numbers  from  this  disease.  Dairy  cows 
that  are  kept  immured  in  close,  ill-ventilated  sheds  in 
cities  and  towns  also  suffer  from  it.* 

As  regards  the  connection  laetween  the  other 
strumous  diseases  and  overcrowding,  abundant  proof  is 
to  be  found  if  looked  for.  Scrofula  once  prevailed  to 
such  an  extent  in  the  Asylum  of  the  House  of  Industry, 
Dublin  (so  Carmichael  affirms),  that  it  was  regarded  as 
a  coDtagious  complaint.  The  air  was  so  im])ure  in 
consequence  of  the  excessive  overcrowding  as  to  be 
unendurable  when  the  wards  were  first  opened  in  the 
morning,  and  to  be  "  but  little  better  "  duriug  the  day- 
time. 

The  communicable  eye  disease,  so  common  in 
asylums  and  schools  for  children,  is  another  of  the 
legacies  of  our  overcrowding.  Tlie  injurious  effects  of 
rebreathed  air,  and  the  want  of  any  provision  for  ven- 
tilation, is  not  only  seen  in  the  public  schools  for  the 
poor,  but  in  private  schools  for  middle  classes.  I 
recently  visited  a  "  College  for  Young  Ladies,"  which 
contained  rooms  12ftx9ft.x8ft.  high,  where 
slept  six  girls,  between  the  ages  of  10  and  17,  in  two 
beds.  Not  a  fireplace  or  other  means  of  ventilation 
existed.  This  school,  which  was  a  popular  one,  had, 
like  a  concertina,  a  wonderful  power  of  expansion — 
those  who  could  not  be  accommodated  with  beds  being 
stowed  away  on  floors  and  in  day  rooms,  Tliat  young 
women,  at  the  most  delicate  period  of  their  lives,  should 
be  thus  injured  by  thoughtless  parents,  who  care  more 
*  Vide  Anjialea  cHHygiine,  rol.  iL  page  417. 
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for  cheap  accomplishments  than  a  healthy  frame,  ii  a 
great  eviL  Eveiy  school  should  be  under  the  8upc^ 
vision  of  the  Health  Authority  of  the  district  in  which 
it  is  situated,  so  that  a  guarantee  may  be  afTorded  to 
the  State  that  the  young  be  not  subjected  to  the  cniel^ 
of  slow  poisoning  by  foul  air. 

The  relation  between  such  lung  diseases  as  bron- 
chitis and  pneumonia,  and  the  unwholesome  condi^ 
of  the  air  of  our  dwellings,  has  not  been  snflSdentlj 
recognized  by  the  medical  profession  and  the  puUic 
One  of  the  most  common  causes  of  an  attack  ctf  iROn- 
chitis  is  a  sudden  exposure  of  the  bronchial  mncont 
membrane  to  extreme  conditions  of  air.  A  man  who 
breathes  for  some  hours  the  hot  and  dry  vitiated  air  of 
an  unventilated  room  is  prone  to  be  thus  affected  on 
passing  out  into  cold  damp  night  air.  If  debilitated 
irom  any  cause,  the  inflammation  may  affect  the  snb- 
stance  of  the  lung,  and  the  man  will  have  pneumonia. 

Rapid  alternations  of  temperature  and  moisture  an 
apt  to  be  attended  with  risk  to  health  to  those  who 
have  passed  the  period  of  youth  during  which  the  body 
quickly  adapts  itself  to  altered  atmospheric  conditioDl. 
The  body,  in  the  middle-aged  and  old,  always  experiences 
a  difficulty  in  suddenly  accommodating  itself  to  extrenu 
ranges  of  temperature.  By  substituting  for  the  ove^ 
heated  and  impure  air  of  our  houses  and  public  build- 
ings a  pure  wholesome  air,  of  a  temperature  adapted  to 
our  sensations  of  comfort,  by  the  eetablishment  of  en 
efficient  system  of  ventilation,  we  shall  avoid  the  danger 
of  sudden  and  extreme  changes  which  continually 
menaces  those  organs  iu  which  the  blood  and  air  meet 

A  Fellow  of  the  Royal  Society  has  recently  publicly 
declared  that  tiiere  is  not  a  perfectly  healthy  dwelling- 
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Iiouse  in   tlie  country.     Although  that  at  first  sight 
aeems  an  exaggerated  view,  jet  it  ie  not  far  ahort  of 
the  truth.     I  only  knov  of  one  room  in  this  country  onc  mii- 
in  which  there  is  any  good  ventilation,  namely,  the  J^I^^I^ 
Honse  of  Commons.     All  the  patents  tliat  have  ever  cuutiT. 
jet  been  devised  are  vorthleas.     Amoi^t  the  dozens  ^»*^ 
of  contrivances  that  are  described  and  figured  in  F. 
Edwards'    book,  entitled    Vmtilation   and  Stat,  not 
one  fulfils   the   requirements   of  a  good    ventilator, 
namely,  the  constant  passage  into  each  room  of  pure 
air  of  a  heallMul  degree  of  humidity — warmed  in 
winter  and  cooled  in  summer,  with  an  accompanying 
provision  for  the  immediate  removal  of  that  which  has 
Iteen  breathed,  in  such  a  manner  that  no  draught  is 


To  intercept  the  fuliginous  particles  of  the  air  by 
gauze  curtains ;  to  pass  the  infiowing  air  through  an 
atmosphere  of  spray ;  to  artifically  warm  it  in  winter, 
and  cool  it  in  summer  with  ice :  all  this  preparation 
of  the  air  can  be  carried  out  in  public  buildings  like 
the  Houses  of  Puliament,  but  such  arrangements  are 
quite  impossible  in  the  case  of  the  majority  of  private 
liouses.  As  regards  cottages,  the  mere  hint  at  such  a 
project  is  abstird  in  the  extreme. 

An  American  architect  has  expressed  the  opinion* 
that  a  building  cannot  be  supplied  with  cool  air  of  a 
pleasant  d^;ree  of  humidity  when  the  external  air  is 
hot  and  damp,  for  the  cooling  woidd  be  attended  by 
the  condensation  of  the  moisture,  and  the  fonnation  of 
a  mist  This  change  cannot,  I  admit,  be  produced 
without  a  preparation  of  the  air  in  undei^round  cham- 

'  "  On  the  BeUtion  of  Moutnre  in  Air  to  Health  and  Comfort, "  by 
Bobert  Biiggs,  CK,  in  Quarterly  Jounuii  o/Seiaiei.    April  1878. 
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bers  adapted  for  the  puipose,  such  as  are  available 
beoeatb  public  buildings  or  large  houses.  In  the  case 
of  the  majority  of  bouses,  air,  when  hot  and  moist,  can 
be  passed  through  a  room  with  greater  rapidity  than 
usual,  and  the  occupants  will  experience  the  cooling 
effects  produced  by  the  more  frequent  renewal  of  air. 
The  establishmeut  of  a  comfortable  imifoi-m  loss  .of  heat 
by  the  system  is  the  point  to  be  arrived  at  in  ooi 
efforts  to  determine  the  requisite  speed  for  the  passage 
of.tlie  air. 

Physicians  are  waiting  for  inventors  to  deal  villi 
this  difficult  subject  of  providing  the  habitations  of  the 
I  demuid  people,  poor  as  well  as  rich,  with  some  efficient  and 
itiiitiD)!    simple  ventilating  metliods,  remembering  the  above  in- 
''■"■       dispensable  requisites.     There  is  no  difficulty  as  regards 
public  buildings,  such  as  churclies,  meeting  halls,  con- 
cert rooms,  theatres,  boll  rooms,  etc     They  can  all  be 
ventilated  and  lighted  in  tlie  same  manner  as  the  House 
of  Commons.     An  exposure  of  the  body,  and  especiallji 
of  that  part  of  it  named  the  pulmonary  surface,  to  sud- 
den and  extreme  ranges  of  temperature,  as  in  coming 
out  into  tfie  cold  air  from  a  hot  iU-ventilated  chinch 
or  other  public  building,  should  be  r^arded  as  attended 
witli  a  certain  amount  of  risk  to  all,  and  a  poaidTe 
danger  to  tlie  aged  and  weakly. 

Tlie  role  to  be  played  by  the  Medical  Officer  of 
Health  and  otlier  sanitarians  in  the  public  interest,  is 
to  urge  Local  Boards  of  Health  to  refuse  to  pass  tiie 
plaus  of  houses  in  which  there  is  no  eflicient  provision 
for  tlie  removal  of  used-iip  air,  as  well  as  of  other  tffeW- 
aiid  noxious  matters.  When  a  great  demand  is  in  tJiis 
way  excited,  a  vigorous  attempt  will  be  made  by  tlose 
who  devote  their  euergies  to  the  inveution  of  con- 
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ivances  foT  our  health   and   comfort  to  supply  that 
ant 

The  standard  of  pure  air  for  our  dwellingB  and  for 
1  places  of  public  reaort,  ■which  we  should  endeavour 
I  reach,  may  be  considered  to  be  thus  constituted : — 
.ctive  Oxygen,  Ozone,  and  other  air  purifiers,  in  recog-  st 

nizahle  quantities.  ^ 

rganw  Matter,  as  Alb.  Ammcmia,  as  near  '08  milligram. 

per  cubic  metre  as  possible. 
arboiiic  Acid — Not  more  than  '06  per  cent 
'cmpcrature  to  be  determined  by  the  senaationa  of  the 

majority  as  to  comfort.* 
toisttirc — Itelative  humidity   70  to  75  per  cent.     A 

difference  between  the  dry  and  wet  bulbs  of  about 

5  or  G  degrees. 

To  approach  this  standard  as  closely  as  possiUe 
bould  be  tlie  aim  of  all  who  study  the  construction  of 
lealtliy  homes  for  the  people. 

The  practical  question  arises — How  are  we  to  make 
in  attempt  to  arrive  at  any  point  on  the  rood  to  this 
ttaudard  amongst  the  cotU^es  of  the  poor?  The 
lifiiculties  are  enormous  in  many  cases.  In  the  rural 
iistricts,  where  the  houses  ate  surrounded  generally  by 
mre  air,  we  insist  on  every  imnate  (age  not  cousidered) 
uving  at  least  200  cubic  feet  of  air  by  nighL     In 

•  The  temperature  of  comfort  of  air  indoors  has  been  variously 

SS°lo53'F.  food's  TrtcUiaem  JFarming  Builditigs.  60°  F.  Peclet'a 
Traiii  df  la  CkaUnr.  6fl°  to  02°  Y.  Tredgold's  PrineipUt  of  Warming 
*»i  Ventilation.  02°  F,  Box's  Practical  Trcaliae  on  Meat.  05=  F. 
K»fti'»  lUuttraliotu  of  the  Theory  and  Practice  of  Vailitatian.  48°  to 
W  F.  Parkea'  Manual  o/Nygimt.  50'  F.  KutBcriea  and  Sehoola  ;  81' 
*  fil  F.  HospitalB  i  86"  to  68°  F.  Theatna  and  Asaembly  Halls.— 
Uoriua  £tudcj *ur  la  FetUHation. 
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tramps'  lodging-houses  300  cubic  feet  of  air  in  a  sleqt- 
ing-room,  and  400  cubic  feet  in  a  room  osed  for  sleeping 
and  as  a  day  room,  are  the  minimum  quantities  sant 
tioned  by  the  Local  Goveniment  Board.  In  towns, 
where  the  air  is  more  or  leas  impure,  a  larger  quantity 
of  air  per  individual  should  be  insisted  on.  We  should 
gradually  aim  at  obtaining  not  only  the  largest  amaont 
of  breathing  space  that  is  practicable,  but  some  efBdeot 
provision  for  the  change  of  air  to  the  extent  of  &am 
2000  to  3000  cubic  feet  per  hour,  or  about  10,000 
gallons  of  air  per  head,  per  hour.  How  is  this  to  be 
accomplished  7  Happily,  for  the  sake  of  ventilation, 
the  majority  of  our  cotti^es  have  an  abundance  of 
chinks  and  crevices  that  admit  air  from  withooL 
Fortunately,  also,  a  considerable  change  of  air  is 
effected  through  the  walls  of  our  dwellings,  if  they  are 
composed  of  bricl^  or  mud,  or  tufacious  limestone,  or 
wood. 

Pi-ofeaaor  Pettenkofer  has,  by  experiments,  shown* 
that  through  a  room  made  of  brick  walls,  of  the 
capacity  of  2650  cubic  feet,  every  crack  and  hole  in 
wbich  was  thoroughly  plugged  up,  1060  cubic  feet  of 
fresh  air  passed  per  hour,  by  virtue  of  the  difference  of 
temperature  (34°  F.)  between  the  outer  (32°  F.)  and 
the  iuner  (62°  F.)  air.  He  found  that,  with  a  diffeience 
of  temperature  of  9  J°  F.  between  the  outside  and  the 
inside  of  a  room,  the  spontaneous  ventilation  thtoi^h 
each  square  yard  of  the  free  wall  amounted  to  about  7 
cubic  feet,  or  43  gallons  per  hour. 

Marker's  aud  Schultze's  experiments  on  the  spon- 
taneous ventilation  of  stables  confirm  these  observations. 
They  discovered  that  with  a  difference  of  temperature 

*  The  Mr,  in  rtlalian  to  Clothing,  Dwtlling,  and  Soil. 
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of  9^°  F.,  the  passage  of  air  thiougli  eaclL  square  yard 
of  free  wall  was — 

With  walk  of  Sandstone  4'7  cubic  feet  per  hour. 

„  „  Qiurried  LimBEtone     6'fi         „  , 

„  „  Brick  7-9         „  „ 

„  „  Tuiaciotu Limestone  10-1         „  „ 

„  „  Mad  14-4         „  „ 

All  the  ordinary  building  materials,  such  as  plaster, 
trood,  cement,  etc.,  are  more  or  less  porous,  and  admit 
the  passage  of  air  throu^  them  in  such  a  manner  that 
we  are  not  cooscious  of  the  movement  We  are  in- 
sensible to  the  passage  of  air  if  the  velocity  of  the 
same  is  less  than  19  inches  per  second. 

It  will,  perhaps,  be  considered  by  some  that  to 
change  the  air  of  a  cottage  at  the  rate  of  between  2000 
to  3000  cubic  feet  per  hour  pet  individual,  at  a  velocity, 
to  avoid  draught,  of  less  than  19  inches  per  second,  is 
to  supply  an  enormous  and  unnecessary  amount  of  fresh 
air,  and  is,  moreover,  a  thoroughly  impracticable  project. 
Frenchmen  do  not  consider  this  amount  excessive,  if  we 
may  judge  from  the  following  table,  given  by  Petten- 
kofer,  of  their  demands  as  to  change  of  air  in  their 
buildings  per  hour  per  person : — 


HcMpitab  for  oidinaij  caeea 

2120  —  2470  . 

„      for  wounded     . 

3&30 

„      for  epidemica    . 

6300 

PriBon*         .... 

1766 

Worluhopo— ordinaTT^     . 

SI  20 

unheidthj 

3030 

1060 

„         night     . 

1410  —  1766 

TheatKB        .... 

1410—    „ 

I^uge  rooms  for  long  meetings 

2120 

„           for  shorter     „ 

1060 

Schools  for  odulte  . 

880  —  1060 

„    for  children 

424—    S30 

Provided  we  keep  our  walls  dry,  for  then  'we  toBOix.- 
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tain  them  in  a  porous  condition,  as  moisture  renders 
them  impenneable,  so  long  we  can  draw  a  very  laige 
quantity  of  air  through  our  walls,  with  but  little  dif- 
ference of  temperature  between  the  inside  and  outside 
of  the  house, 
ventiution.        If  this  spontaneous  ventilation  is  supplemented  by 
some  simple  contrivance,  which  cannot  be  interfered 
with,   for   admitting  fresh   air   in   so   broken-up  and 
divided  a  state  as  that  its  flow  shall  be  unfelt  by  the 
occupants,  all  tliat  can  be  done  will  have  been  accom- 
plished for  the  majority  of  our  old  isolated  cottages  in 
the  country  districts,  the  repairs  of  which  often  consume 
the  whole  of  the  yearly  rental      Pettenkofer  rightly 
says,  "It  is  a  waste  of  ventilation  if  it  is  directed 
against  avoidable  pollutions  of  the  air     .     .     .     the 
proper  domain  of  ventilation  begins  when  cleanliness 
has  done  its  best."     We  ought  not,  however,  to  let 
matters  rest  here  as  regards  the  rows  of  cottages  in  our 
towns  and  cities,  which  have  but  little  free  wall  sur- 
face, and  are  often  merely  foid  caves  with  no  opening 
at    the   back    to  allow  of   the    free   passage    of  air. 
Thousands   and  thousands  of   these  urban   dwellings 
of  the  poor  are   caricatures    of  what  cottage  homes 
should  be,  namely,  a  healthful  place  for  rest,  refresh- 
ment, and  cheerful  intercourse  after  toil,  and  would  be 
more  tnithfuUy  designated  human  piggeries.     Who  is 
there  amongst  medical  men  that  is  not  familiar  with 
the  appalling  infanticide  that  prevails  amongst  these 
districts   which    have    been    designated    "  Heix)dian," 
mainly  due   to  the  foul  air  (for  young  lives  are  the 
most  sensitive  tests  of  the  existence  of  an  infraction  of 
sanitary  laws),  and  partly,  no  doubt,  to  improper  feeding 
and  neglect.     That  noble  api)eal  of  Chai'les  Dickens 
for  legislation  for  the  poor  cannot  but  be  remembered 


Tin:  All;  np  ont  ikhsks.  i^:.  1 

iu  tliiiikiii'j,"   (if  this   .^.nl  suhjcct  :   "If  tlmsc    \v\\n   rule 
till!  (lestiiiii'.s  ut'  nations  winikl    l)Ut   think  how  lianl  it 
is  for  the  very  poor  to  have  eugeudered  in  their  hearts 
that  love   of  home  from   which   all   domestic   virtues 
spring,  when  they  live  in  dense  and  squalid  masses, 
'^"here  social  decency  is  lost,  or  rather  never  found, — 
if  they  would  but  turn  aside  from  the  wide  thorough- 
fares, and    great  houses,  and   strive   to  improve  the 
vrretched  dwellings  in  byeways,  where  only  poverty  may 
walk — many  low  roofs  would  point  more  truly  to  the 
sky  than  the  loftiest  steeple  that  now  rears  proudly  up 
from  the  midst  of  guilt  and  crime  and  horrible  disease, 
to  mock  them  by  its  contrast."     What  a  picture  is 
sketched  of  these  dreadful  places  by  Dr  Buchanan,  one 
of  the  travelling  inspectors  of   the  local  government 
board  !     "  In  small  closed  courts,  surrounded  by  high 
buildings,   and    approached    by  narrow    and   perliaps 
winding'gangways,  houses  of  the  meanest  sort  stand, 
acre  after  acre  of  them,  with  but  privies  and  dust  bins 
to  look  upon.     And  surely  such  cannot  be  accounted 
fit  for  human  habitation,  while  the  standard  of  that 
humanity  is  low.     Nothing  short  of  a  tornado   can 
effectually  ventilate  these  courts ;  in  still  weather  the 
atmosphere  in  them  is  unchanged  and  unchangeable. 
Can   it    be    a    matter  of   surprise  that  such  regions 
should  be  the  favourite  pastures  or  hunting-grounds  of 
filth   diseases,   and    that  moral,   as  well  as  material 
deterioration    should   be    invariable   accompaniments  ? 
It  may  be  truly  said  of  many  evil  things,  that  '  like 
goes  to  like.'     Happily  the  Artizans'  Dwellings  Bill, 
alias  the  Kookeries  Bill,  has  been  passed,  wliich  aims  at 
the  demolition  of  these  nests  of  disease  and  crime ; 
and  which  will,  it  is  to  be  hoped,  gradually  diminish 
the  most  depraved  and  unhealthy  modes  of  M^?^ 
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PART    II. 

THE  DETECTION  AND  ESTIMATION  OF  THE  AMOUNT  OF  THE 
MOST  IMPORTANT  IMPURITIES  FOUND  IN  THE  AIR. 


Two  methods  of  discovering  the  condition  of  the  air, 
as  to  purity,  a  direct  and  an  indirect  one,  have  been  in 
vogue :  the  direct  having  for  its  object  the  detection 
and  estimation  of  the  quantity  of  impurities,  such  aa 
the  organic  and  other  solid  bodies,  and  the  carbonic  acid 
present  in  the  air ;  and  the  indirect  one  being  to  ascer- 
tain its  departure  from  a  state  of  purity  by  the  estima- 
tion of  the  amount  of  ozone  and  other  purifying  agents 
which  have  not  been  used  up  by  the  organic  matter 
and  by  the  various  noxious  gases  with  which  it  is 
contaminated. 


SOLO)  BODIES  IN  THE  AIB. 


JDIRECT  METHOD. 


CHAPTER  XXV. 

MODES  OF  OBSERVING  SOLID  BODIES  IN  THE  AIR,  AND  OF 
SEPARATING  THEU  FOR  EXAMINATION. 

As  far  back  as  1830,  Ehrenberg  worked  and  pub- BoUd imdt« 
Ibhed  on  this  subject.  He  shoved  the  actual  existence 
of  an  atmospheric  kingdom  of  life,  animal  and  vegetable. 
He  was  followed  by  M.  Gaultier  de  Claubiy,  wbo 
passed  air  from  various  localities  through  water  that 
had  been  exposed  to  a  high  temperature. 

During  the  cholera  epidemic  in  England  of  1849, 
the  dust  of  air  was  much  examined,  in  consequence  of 
the  supposed  discovery  of  certain  bodies  termed  cholera 
fungi  in  infected  air.  M.  Quatrefages,  Pouchet, 
Pasteur,  N.  Joly,  and  Charles  Musset,  Boussingault, 
Baudrimont,  and  Gigot,  are  foreigners  who  have  all 
severally  laboured  at  this  subject  from  different  pointe, 
the  first  five  being  especially  interested  in  it  in  relation 
to  spontaneous  generation. 

Devergie  examined  the  air  in  the  vicinity  of  a 
case  of  hospital  gangrene,  and  detected  an  enormous 
quantity  of  organic  matter  in  it.  Bits  of  wool,  cotton, 
particles  of  hair,  and  epithelial  cells  and  starch,  were 
most  common. 
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In  the  Army  Medical  Beport  for  1867,  ia  an 
account  of  an  experimental  investigation  made  by  Dr. 
F.  de  Chautuont  into  the  ventilation  of  the  new  banscks 
at  Clielsea.  He  passed  120  cubic  feet  of  air  through 
a  freezing  mixture,  and  47  c.  c.  of  fluid  condensed  frooi 
it,  wliicli  contained  epitlielium  in  large  amount,  hair 
and  various  Hbres,  sand,  soot,  crj'stalline  snbetaoces, 
and  cidoride  of  sodium,  together  with  sporangia  of 
fungi,  and  monads  in  considerable  quantity.  In  the 
air  of  a  back  yard  of  a  London  hospital  he  found  con- 
siderable quantities  of  epithelium ;  and  in  the  "  dirty 
linen  area,"  where  the  foid  linen  was  kept  in  crates 
until  washed,  pus  globules  and  a  quantity  of  fatty 
crj'stals  apparently  from  dressings,  Wteria  both  free 
and  in  the  zooglieal  foiin.  In  the  Accident  Ward  of 
St,  Mary's  Hospital,  Faddington,  he  discovered  pas 
cells  in  the  air  near  some  beds  which  had  a  bad  repu- 
tation for  erysipelas.* 

Tlie  Army  Medical  Eeport  for  1 868  contains 
similar  observations  by  Dr.  R  T.  Wright  on  the  air  (rf 
the  barrack-room,  Eoyal  Victoria  Hospital,  Netley. 

In  1861  MM.  Eiselt  and  Bechi  published  the 
result  of  some  experiments.  In  the  same  year  an 
investigation  was  undertaken  on  behalf  of  the  Zancd 
on  the  dust  of  to\vn  houses  in  drj'  weather.  The 
result  of  this  enquiry  showed  that  it  consisted  of  pul- 
verised horse  dung,  and  the  grindings  of  shoe  leather,  and 
starch  corpuscles. 

In  1862  Keveil  and  Chalvet  made  some  observa- 
tions on  the  air  of  the  surgical  wards  of  tlie  hospital  of  ' 
St.  Louis. 

•  "Tlirfc  liejiorts  on  the  Sanitary  Coiiilitioa  of  St  Mary's  Hospi- 
tal, 18(3-1876." 
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Dr.  Jefferies  Wyman  and  Dr.  Salisbury  were  the 
earliest  of  Americaa  workers  on  atmospheric  dust. 

SamuelsoQ  aud  Balbiani  have  also  made  experiments 
on  this  subject. 

Dr.  Salisbury's  observations  especially  related  to  the 
air  of  the  low  marshy  valleys  of  the  Ohio  and  Missis- 
sippi in  comiectioD  Avith  the  causation  of  intermittent 
and  remittent  fevers.*  M.  Lemaire's  researches,  com- 
municated to  tlie  French  Academy  in  1863,  partly 
related  to  marsh  air  in  the  ne^hbourhood  of  Sologna, 
■which  was  a  very  malarious  district,  Selmi  and 
Bolestra  Imve  both  made  observations  on  tlie  air  of 
swamps,  and  both  describe  tlie  presence  of  myriads  of 
spores  of  alga;,  Tlie  experiments  of  the  latter  were 
made  on  the  air  of  the  Pontine  marshes. 

A  great  many  examinations  were  made  of  the  dust 
of  the  air  during  the  cattle  plague  epidemic  of  1866. 
It  was  collected  in  moat  cases  by  passing  it  through 
cotton  wool.  In  1867,  M.  Poulet  reported  that  he 
found  a  number  of  bacteria  in  the  condensed  vapour  of 
the  breath  in  wliooping  cough. 

Mr.  Metcalfe  Johnson  describesf  a  method  of  col- 
lecting solid  articles  from  the  air  by  means  of  an  "  air 
sieve,"  which  consisted  of  a  glass  plate  in  a  small  deal 
hox,  over  which  a  stream  of  water  trickled  down  and 
was  collected  in  a  trough  beneath.  A  current  of  air 
was  allowed  to  impinge  on  it. 

The  subject  of  the  great  controversy  as  to  the 
origin  or  the  beginnings  of  life,  with  which  the  names 
of  Pasteur  and  Pouchet,  Tyndall  and  Bastian,  have  been 
for  80 long  asaociated,  from  which  great  changes  in  snidery 

'  A-merknii  Journal  of  Medical    Sdenefi,    April   ISSfl. 
t  Monthly  Mienacopieal  Journal,  vol.  ii.  p.  100. 
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have  flowed,  especially  under  the  leadenhip  of  Lister, 
most  be  streDQonsIf  avoided  if  this  section  is  to  be 
confined  urithia  it«  legitimate  limits.  If  we  pennit 
ourselves  to  drift  to  the  Bmallest  degree  into  it,  the 
indulgence  of  the  gratification  will  be  fatal  to  tbe  con- 
ciseness and  brent}'  requisite  in  this  work. 

A  rongb-aod-ready  way  of  observing  the  dost  of 
air  is  by  admitting  a  ray  of  sunlight  into  a  darkened 
room,  when  the  "  motes  in  the  sunbeam,"  as  the  par- 
ticles of  dust  have  been  popularly  called,  are  visible  to 
us. 

Professor  Tyndall  has  employed  tbe  very  powerful 
beam  of  the  electric  light  for  the  purpose  of  render- 
ing the  dust  of  air  more  apparent,  with  which  be 
associated  the  flame  of  a  spirit  lamp  that  created  a. 
appearance,  when  applied  to  the  beam,  of  the  ascent  o; 
dark  wreaths  of  intensely  black  smoke.  A  large  li^ 
drc^en  flame  produced  the  same  eflect.  Tbe  blackness 
proved  to  be  due  to  the  ateence  from  the  track  of  the 
beam  of  all  matter  capable  of  scattering  its  light,  which 
had  in  fact  been  burnt.  He  said,  in  his  lecture,  de- 
livered in  the  Boyal  Institution  at  the  end  of  18C9 
or  commencement  of  1870  ; — 

"  Nobody  can  without  repugnance  place  his  mouth 
at  the  illuminated  focus  of  the  electric  beam,  and  in- 
hale the  dirt  revealed  there.  Nor  is  tbe  di^st 
alK>Iiahed  by  the  reflection,  that,  although  we  do  not  see 
the  nastiness,  we  ere  chumiug  it  in  our  lungs  every 
hour  and  minute  of  our  lives.  If,  after  inspiring  a 
quantity  of  common  air,  a  long  expiration  is  made 
through  a  glass  tube  across  the  electric  beam,  the  lumi- 
nous track  is  at  first  uninterrupted.  Tlie  breath  im- 
presses on  the  floating  matter  a  transverse  motion,  but 
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the  dust  from  the  lungs  makes  good  the  particles  dis- 
placed. After  a  time,  however,  an  obscure  disc  appears 
upon  the  beam,  and  at  the  end  of  expiration  the  beam 
is,  as  it  were,  pierced  by  an  intensely  black  hole,  in 
which  no  particles  whatever  can  be  discerned.  The 
air  in  fact  has  lodged  its  dirt  in  the  lungs.  A  handM 
of  cotton  wool  placed  over  the  nose  and  mouth  dming 
inspiration  makes  the  dark  hole  in  the  beam  of  light 
appear  from  the  beginning  of  expiration.  A  silk  hand- 
kerchief *  answers  nearly  as  well" 

Mr.  C.  Tichbome  communicated  to  the  British 
Association,  in  1870,  an  account  of  his  experiments 
on  the  air  of  Dublin.  Street  dust,  he  said,  was  mainly 
(■omposed  of  stable  manure  and  triturated  stones. 

The  dust  of  New  York  has  been  examined  by  the 
N'ew  York  Officers  of  Health  by  exposing  glass  plates 
u)  the  air.  The  same  substances  were  present  in  all 
of  the  specimens ;  street  dust,  particles  of  sand  and 
carbon,  fibres  of  cotton,  fr^ments  of  vegetable  tissues, 
granules  of  starch,  three  different  kinds  of  pollen 
grains,  and  fungal  elements.  The  latter  were  abundant, 
ranging  in  character  from  a  micrococcus  to  mycelial 

*  The  old'fuliioned  prMtice  amongst  the  public,  ott«D  witnewed 
by  racdicU  toen,  of  holding  a  handkerchief  to  the  month  and  nose  on 
approaching  the  bedside  of  a  person  suffering  from  an  infections  disease, 
may,  in  the  light  of  recent  inveatigatiana,  h&ve  been  a  wise  proceeding, 
and  was  doabtless  intnitivelj  anired  at  and  found  by  experience  to 
he  protective  to  the  health.  Sometimes  scents  were  employed,  not  only 
in  the  handkerchief  but  in  theaick-room  (Vide  "  Perfuntea  and  Ozone, " 
in  (hone  and  Anliaone,  pages  121  and  122).  People  very  comtnonly 
apply  a  handkerchief  also  to  the  nose  and  mouth  when  they  come  into 
contact  with  a  atcnch,  to  preTent  the  offensiTe  odour  from  annoying 
them.  The  linen  or  cotton  fabric  no  doubt  acts  as  an  imperfect  filter, 
which  strsina  off  the  solid  particles  floating  in  the  air,  with  which  that 
unpleasant  odour  ii  associated. 
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filaments.  When  water  was  added  to  the  Bpecimeos, 
bacteria  aod  vibrioaes  invariably  made  their  appeaiunce 
within  a  few  houra. 

Mr,  Blackley  *  has  devoted  his  attention  to  that 
particular  kind  of  air  dust  that  produces  hay  fever, 
namely,  the  pollen  of  certain  kinds  of  grasses,  f 

A  good  account  of  the  great  variety  of  particlea  of 
which  atmospheric  dust  is  composed  is  contained  in 
Charles  Kobin'a  TraiU  du  Microscope. 

The  space  at  my  disposal  will  not  permit  me  to 
enter  on  that  very  large  field  as  to  the  presence  of 
those  organic  substances  in  air  which  have  in  past 
times  fallen  in  showers,  giving  rise  to  the  belief  that 
blood  and  sulphur  have  descended  from  heaven.  I 
must  refer  my  readers  to  a  little  book,  named  Odd 
Showers,  which  is  published  by  Kerby  and  Son,  rf 
Oxford  Street,  for  much  interesting  information  as  la 
these  records. 

The  observations  of  Messrs.  Tichbome,  Blackley,  and 
others,  would  lead  one  to  think  that  the  spores  of  fuD^ 
and  other  light  bodies  are  to  be  detected  in  the  air  at 
very  great  heights,  and  that  they  are  conveyed  by  aerial 
currents  and  storms  from  one  part  of  the  earth  to  auotbet 
over  vast  tracts  of  country. 

The  air  dust,  such  as  we  breathe,  may  be  conveniently 
collected,  for  either  microscopal  or  chemical  examination, 
in  several  ways: — 

•  Experinuntat  Raearthet  on  the  CavMt  and  A'ature  of  Calarrkut 
(Eatimu,  bj  Q  H.  Blackley,  1872. 

f  He  ttten  to  one  species,  the  pollen  of  vliich  is  so  audi  thit  it 
wQuld  require  37  nilliona  to  make  a  grain ;  whiUt  6  millions  ue  re- 
quired of  the  particles  of  pollfD  of  the  Englisli  nipodow  grasses.  Hi 
consiilera  that  17S0,  or  the  3J27th  port  oC  a  gmin,  is  capable  of  pro- 
ducing the  severeat  fona  of  hujr  fever. 
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1.  By  means  of  Pouchet'B  aeroscope,  *  which  con-r 
sists  of  a  glass  tube  hermetically  closed  at  either 
extremity  by  a  copper  ferule.  The  upper  ferule  was 
fixed  to  the  glass,  and  was  connected  with  a  tube  of 
copper,  terminating  externally  in  a  small  funnel,  and 
internally  in  the  inside  of  the  glass  tube,  in  a  veiy 
finely  drawn  point,  not  more  than  5  m.  m.  in  diameter. 
The  other  fende  was  removable,  and  allowed  of  the 
introduction  of  a  circular  glass  plate  into  the  interior  of 
the  instrument,  which  was  placed  at  1  m.  m.  from  the 
point  of  the  tube  connected  with  the  upper  ferule. 
This  plate  was  covered  with  adhesive  matter;  and,  if 
necessary,  the  point  of  the  tube  was  made  to  terminate 
in  a  minute  perforated  diaphragm  like  the  rose  of  a 
watering  pot,  so  as  to  secure  the  dispersion  of  the 
atmospheric  particles  over  the  suriace  of  the  plate. 

Dr.  Maddox's  "tuiroconiscope"  differed  from  Pouchet's  Dr. 
aeroscope  in  the  fact  that  a  current  of  air  was  made  to  JJ^ 
traverse  it  without  the  aid  of  an  aspirator,  as  employed  hop^ 
by   that  observer.       Id   Dr.  Maddox's    apparatus   the 
movement  of  the  air  was  secured  by  means  of  a  vane, 
which,  when  the  instrument  was  exposed  to  moving 
air,  kept  the  mouth  in  the  direction  of  the  current,  hy 
causing  the  whole  apparatus  to  rotate  on  the  spindle 
that  supported  it.     When,  on  the  other  hand,  still  air 
was  to  be  examined,  a  current  was  ingeniously  secured 
by  means  of  a  chimney  conve3dng  heated  air  from  the 
flame  of  a  spirit  lamp. 

The  apparatus  employed  hy  Dr.  D.  D.  CnnDingham,t 

*  Moyen  df  rassembler  dnna  mi  eapsce  infiniment  petit  tfins  lea 
eorpnacles  noroiidenient  invigibUa  conteoui  daiu  nn  volnms  d'air 
d^termin^. — CompUs  Rmdiu,  T.  i.  p.  71S, 

■f-  UicroKOpic  EraviiwUien  of  Air,  "bj  Dr.  D.  D.  Cunningham, 
Surgeon,  U.  U.  Indian  Med.  Service.    PnUiabedbyGoTenunculfUil^. 
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1  his  numerotu  obserratioiu  on  atmospheric  dust,  wu 
a  improremeiit  on  that  with  which  Dr.  Maddoz's  namB 
haa  been  coupled.  It  con- 
sifited  of  three  thin  bnst 
>  tuhes  (A),  two  of  which 
slipped  over  the  third 
central  one,  and  came  into 
contact  with  the  opposite 
sides  of  a  projecting  rim 
OQ  its  circumference.  "Oot 
rim  was  fonned  by  tba 
margin  of  a  diaphngin, 
which  divided  the  centra 
tube  into  two  chamben. 
It  was  of  sufficient  thick- 
ness to  allow  of  a  spindls 
passing  up  through  it  (B). 
The  latter  terminated  in  a  pointed  extremity,  which 
came  in  contact  with  the  upper  end  of  the  beaxing,  and 
provided  for  the  free  rotation  of  the  system  of  tubes. 
Bound  the  mai^s  of  the  diaphragm  there  was  a  set 
of  perforations  to  allow  of  the  passage  of  air  through 
it,  and,  on  the  centre  of  its  anterior  surface  there  was  i 
square  plate  of  brass,  with  a  slightly  projecting  rim  on 
its  lower  margin.  The  anterior  of  the  two  lateral  tuba 
was  provided  with  an  expanded  orifice,  and  contained  a 
small,  finely-pointed  funnel  iu  ite  interior ;  the  pointed 
extremity  opening  immediately  in  front  of  the  centre 
of  the  diaphragm  plate.  The  posterior  tube  was  quite 
simple,  and  had  a  good-sized  fish-tail  vane  fitted  into  t 
slit  on  its  extremity.  At  each  locality  selected  as  a 
site,  a  stout  teakwood  post,  about  4^  feet  in  height, 
was  firmly  fixed   in  the  ground.     A  brass  ^indla, 
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fitting  the  bearing  in  the  diaphragm  of  the  apparatus, 
was  acreved  into  the  top  of  each  of  them,  and  served 
aa  an  axis  of  rotation,  securing  the  exposure  of  the 
expanded  orifice  to  the  prevailing  currents  of  wind. 

Preparatoiy  to  taking  any  observations  the  appar- 
atus was  well  washed  with  spirits  of  wine,  and  heated 
over  a  spirit  lamp.  A  microscope  cover  glass  of  suit- 
able size  was  then  carefully  cleaned,  and  one  surface 
smeared  with  pure  glycerine.  A  minute  drop  of  the 
same  medium  was  placed  upon  the  diaphragm  plate, 
and  the  dry  surface  of  the  cover  glass  applied  to  it, 
leaving  the  smeared  surface  exposed.  The  glycerine  on 
the  diaphragm  secured  the  glass  adherent  in  a  vertical 
position,  and  obviated  the  necessity  for  a  spring,  the  use 
of  which  was  found  inconvenient  from  its  coming  in  the 
way,  and  intercepting  more  or  leas  of  the  atmospheric 
dnst.  The  anterior  tube  was  next  slipped  on,  bringing 
the  pointed  extremity  of  the  interior  funnel  imme- 
diately in  front  of  the  glass,  and  the  whole  apparatus 
was  finally  set  on  the  spindle,  where  it  remained 
during  a  period  of  24  hours.  The  mouth  of  this 
apparatus,  when  in  situ,  was  at  a  level  of  about  5  feet 
from  the  ground.  The  stratum  of  air  at  this  he^ht 
is  that  breathed  by  a  man  when  erect,  and  is  there- 
fore likely  to  show  the  nature  of  the  atmospheric  par- 
ticles commonly  entering  the  air  passages.  At  the 
close  of  24  hoTu^  the  instrument  was  taken  down,  the 
anterior  tube  removed,  and  the  cover  glass  transferred 
to  a  clean  slide,  a  httle  fresh  glycerine  being  added  if 
necessary.  The  magnifying  power  employed  was  one 
of  400  diameters,  but  whenever  necessaiy  in  the  exami- 
nation of  specimens,  such  as  minute  fungoid  cellules 
or  bacteroid  bodies,  this  was  replaced  by  otiiers  ranging 
from  800  to  1000  diameters. 
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The  great  objectioQ  to  the  three  forgoing  vanedes 
of  the  aajue  method,  is,  that  it  is  difficult  to  obtain 
glycerine  perfectly  free  from  foreign  bodies. 

2.  A  glass  tube  is  heated  to  ledneas,  and,  when  it 
has  cooled,  is  surrounded  by  a  freezing  mixtnre.  Air 
is  then  drawD  by  an  aspirator  through  the  tube.  The 
great  cold  condenses  the  moisture  of  the  air,  and 
arrests  its  solid  particles,  which  is  in  both  cases  col- 
lected and  examined  for  nitn^enized  compounds. 

3 .  Dr.  Watson  employs  fine  glass  threads,  soaked  in 
glycerine  or  powdered  glass,  as  ti-aps  for  cat«hing  the 
solid  substances,  which  he  afterwards  washes  with  pure 
water.  Perhaps  the  substance  known  as  glass  'wool 
woiild  prove  a  still  more  effectual  air  filter. 

4.  I  use  a  mineral  named  asbestos,  which  ia  a 
fibrous  and  woolly  substance,  composed  of  a  silicate  and 
aluminate  of  magnesia  and  lime,  for  arresting  the  dust 
of  the  air.  A  U-shaped  platinum  tube  about  ^  incli 
in  diameter,  and  7  inches  long,  having  been  filled  at  the 
bend  with  Uiis  inorganic  wool,  and  little  caps  of  fine 
platinum  gauze  being  inserted  at  each  end  of  the 
asbestos  to  prevent  the  loss  of  any  of  its  particles, 
a  known  volume  of  air  is  drawn  tlirough  the  tube  by 
means  of  an  aspirator.  The  tube  loaded  with  asbestos 
is  weighed  in  a  delicate  balance,  both  before  and  after 
the  air  is  passed  through  it.  The  increase  in  weight, 
aiter  the  experiment,  of  courae  indicates  the  amount  of 
solid  particles  contained  in  the  quantity  of  air  drawn 
through  the  tube  by  the  aspirator.  The  platinum  tube 
is  then  exposed  to  the  flame  of  a  Buusen's  burner,  in 
wliich  it  soon  becomes  red  hot.  When  all  the  volatile 
solid  bodies,  such  as  oi^nic  matter,  nitrates,  etc.,  have 
been  burnt  off,  the  tube  having  been  again  weighed  is 
ready  for  a  fresh  experiment. 
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5.  By  taking  the  rain,  which  is  th^  great  air  washer, 
and  removing,  by  means  of  a  pipette,  the  solid  particles 
that  subside  in  it  after  a  few  hours'  rest 

6.  M,  Pasteur  filtered  a  certain  quantity  of  air 
through  perfectly  pure  pyroxyline  (free  from  any  residue 
insoluble  in  alcohol  and  ether),  which  is  soluble  in  a 
mixture  of  strong  alcohol  and  ether.  A  tube  contain- 
ing a  plug  of  this  material  was  attached  to  a  water 
aspirator,  from  the  exit  portion  of  which  the  amount 
of  air  drawn  by  the  instrument  per  minute,  can  be 
easily  collected  and  measured.  The  cotton  plug,  on 
removal,  was  treated  with  its  solvents,  and  the  dust 
then  allowed  to  subside.  The  complete  removal  of 
the  pyroxyline  was  effected  by  adding,  and  after  a  time 
removing,  fresh  quantities  of  alcohol  and  ether.  The 
dust  is  then  transferred  to  the  microscope  slide  for 
examination. 

7.  M.  Mari^-Davy  of  the  Montsouris  Observatory 
collected  the  dust  of  the  air  in  a  receiver  which  was 
connected  with  an  aspirator  auch  as  is  represented  in 
figure  12.  The  receiver  was  composed  of 
a  bell  glass,  the  roughened  lower  edge  of 
the  large  opening  of  which  rests  on  a  piece 
of  plate  glass  also  roughened.  The  upper 
and  small  opening  is  closed  by  a  cork,  which 
is  perforated  by  two  glass  tubes :  one  of 
them,  marked  c,  is  connected  with  the  as- 
pirator ;  the  other,  h,  terminates  at  one  ex- ' 
tremity  in  the  air,  and  at  the  opposite, within  "*  "' 
the  bell  glass,  in  a  tapered  point,  a  short  distance  from 
a  glass  plate  covered  with  glycerine  or  syrup. 
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CHAPTER   XXVI. 

MICROSCOPICAL   EXAMINATION  OF  THE  DDST   OF  TBB  AIB. 

Da>td«ii«d  The  air  contains  such  an  immense  variety  of  sufastsn- 
^J^^,^^'  cea  in  the  form  of  dust,  invisible  to  the  naked  eye,  that 
ud  miiKni  their  bare  enumeration,  without  entering  into  any  de- 
scription of  them,  vould  occupy  a  considerable  sp&ca 
Minute  particles  of  anything  and  everything  that  esials 
on  the  earth,  are  liable  to  be  mingled  with  the  air  that 
rests  on  it  As  this  air,  in  which  we  are  always 
plunged,  invariably  contains  more  or  less  of  these 
minute  objects,  our  bodies  *  are  naturally  invaded  by 
the  same.  These  suspended  matters  are  furnished  by 
the  animal,  vegetable,  and  mineral  kingdoms. 

From  the  animal  kingdom  is  derived  the  debris  of 
little  creatures  who  have  been  bom  and  have  lived  and 
died  in  the  atmosphere,  germs  and  small  e^s. 

From  the  vegetable  kingdom,  spores  of  fungi,  tha 
pollen  of  plants  and  seeds  of  all  kinds,  particles  of 
finely  pulverized  straw,  minute  fragments  of  rags,  etc, 
are  obtained. 

From  the  soil,  dust  of  inorganic  composition,  such 
as  saud,  oxide  of  iron.  Lime,  etc ;  from  volcanoes,  sand 
and  mud,  and  small  particles  of  carbon ;  from  the  sea, 

*  M.  Lemaire  finds  not  onlj  in  the  air  that  passes  from  tlie  lungs, 
bat  also  ia  the  perapintory  fluid,  abundant  indications  of  animal  and 
vegetable  life.— CompeM  Sendvs,  October  14th,  1867. 
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chloride  of  sodium  which  is  lifted  by  the  sptay  and 
conveyed  hy  the  vind  vast  distances : — are  contributed. 
It  if)  with  the  du^t  and  impurities  in  the  air, 
created  by  man  and  animals,  and  by  vegetation,  in 
which  we  are  at  present  most  interested,  as  they  relate 
more  especially  to  public  health  Excluding,  then,  a 
consideration  of  the  solid  particles  diffused  through  the 
air  in  manufactories,  and  mines,  to  the  injurious  influ- 
ence of  which  so  many  of  our  fellow-creatures  are  un- 
happily exposed,  let  us  ask  ourselves  the  question 
"  What  appearances  do  the  minute  solid  impurities 
contained  in  the  air  of  our  dwellings  and  public  build- 
ings, and  of  our  streets,  present  under  the  microscope?" 
Air  dust  has  been  divided  into  the  light,  which  floats 
and  is  wafted  about  by  currents,  and  the  heavier  par- 
ticles that  settla  The  dust  of  our  houses  consists 
hugely  of  light  organic  matter,  either  living  or  dead, 
whilat  that  of  public  buildings  would  appear  to  con- 
tain a  larger  proportion  of  the  heavier  kinds.  Dr. 
Percy  found  that  the  dust  on  the  walls  of  the  British  Diut  of  th» 
Museum  consisted  of  50  per  cent  of  incombustible  J^^ 
matter.  The  principal  objects  which  we  see  in  the  dust 
of  rooms  and  hospitals  with  high  powers  are  little  por- 
tions of  (1)  scaly  epithelium  {the  dust  of  the  skin), 
(2)  particles  of  soot,  (3)  small  round  and  oval  ceUs, 
which,  when  multiplying,  have  an  appearance  like  the 
number  8.  These  litUe  bodies  have  been  named 
"  putrefaction  cells,"  and  by  some  microzymes,  and 
have  been  described  by  Trautman,  Lemaire,  and 
B^champ.  Their  growth  is  accelerated  hy  hydrogen 
sulphide  and  other  vile  smelling  gases,  and  is  arrested 
by  carbolic  acid  which  is  one  of  our  most  valuable  dis- 
infectants. 
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Lemaire  found  tihem  in  immenBe  qoanttties  in  the 
air  of  dirty  prison  cells.  They  belong  to  that  bolder 
land  which  is  midway  between  the  animal  and  vege- 
table kingdoms.  We  know  not  whether  they  aie  ani- 
mals or  v^etables.  They  bear  a  strong  resemblance  to 
certain  kinds  of  bacteria  found  in  impure  water.  These 
oiganic  impurities  in  air  are  favourite  pastures  for  (he 
growth  and  development  of  the  animal  poisons  that  pro- 
duce the  zymotic  diseases,  such  as  typhoid  fever,  scariet 
fever,  etc.  The  poisons  of  these  diseases  rejoice  and 
luxuriate  in  fUth  of  all  kinds,  especially  in  filth;  air. 

The  air  of  sick  rooms  and  hospitals  that  are  not 
ventilated  efhciently,  is  loaded  with  organic  impuritieS) 
which,  in  certain  diseases,  furnish  different  odours, — 
for  example,  a  medical  man  usually  recognizes  the  pre- 
sence of  small-pox  or  rheumatic  fever  in  a  house  hf 
Thcorguic  their  characteristic  odours.  The  smell  of  a  room 
f^Llh'iTby  occupied  by  a  person  who  is  suffering  from  abscesses 
dutwrnt  is  almost  distinctive  of  this  class  of  malady.  In 
smallpox  wards  minute  scales  and  dust  of  dried  pus- 
tules, which,  if  introduced  into  the  system  of  one 
unprotected  by  vaccination,  would  reproduce  the 
disease,  are  foitnd  floating  in  the  air.  In  hospitals 
devoted  to  skin  diseases,  that  contain  patients  snf- 
fering  from  favus,  ringworm,  etc,  which  depend  oa 
the  growth  in  the  skin  of  little  parasitic  plants  or 
fungi,  the  spores  or  seeds  of  these  plants  may  be  foimd 
suspended  in  the  air. 

The  air  of  the  streets  and  gardens  of  oiir  towns  and 
cities  contains  soot,  crystals  of  certain  salts,  atarch 
granules,  linen,  cotton  and  wool  fibres,  bits  of  wood, 
and  particles  of  food,  the  hairs  of  man  and  animals 
(dogs  and  cats). 
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The  organized  particles  contained  in  the  dust  col- 

^  lected  in  Paris    by  M.  Pasteur 

"        Q  9      in  the  manner  described  on  page 

1^     *      ^  263,  having   been  well  washed 

^  •         *    and  treated  with  a.  drop  of  a  solu- 

•      ♦    *    -   A     ^^^^  °f  potash,  presented,  under 

B  ^  the    microscope,  the    appearance 

•  •  represented  in  fig.  13. 

"*■  "■  The  size  and  shape  and  gene- 

ral appearance  of  these  organized  corpuscles  show  ex- 
treme variety.  They  range  in  dimensions  from  a  size 
infinitesimal  to  bodies  having  a  diameter  of  *01  to 
-015  millimetre  or  more. 

After  a  series  of  fine  spring  days  Pasteur  exposed 
a  plug  of  pyroxyline  for  twenty-four  hours  to  a  current 
of  air  passing  at  the  rate  of  a  litre  a  minute,  and 
found  myriads  of  organized   bodies.     Hia  pyrozyline 


filter  extracted  the  organized  and  amorphous  particles 
depicted  in  figs.  14  and  15  on  the  days  specified, 
which  were  moistened  with  sulphuric  acid,  that  dis- 
solves starch  hut  does  not  affect  the  spores  of  fungi. 

The  character  of  the  dust  of  the  air  that  is  found 
between  the  pure  air  of  the  country  and  the  impure 
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air  of  a  large  city  has  been  well  observed  by  M. 
Mari^-Davy  and  his  associates  at  the  Montsouris 
Observatory,  in  the  neighbourhood  of  Paris. 

Dust  furnished  by  582  litres  of  air  on  September 
29th,  1875,  after  the  air  had  undergone  purification 
by  rain  during  the  preceding  day,  x   1000  : — 


Fig.  10. 


DESCRIPTION  OF  PLATE  OP  MICROSCOPIC  OBJECTS  FOUND 

IN  AIR. 


1.  PoUen. 

S.  FangL 

3a.  Starch  gnuiiiles. 

85.  Starch  grannies  polarLsed. 

4.  Frotococctu  pluvialia. 

5.  Epithelium. 

0.  Vegetable  ipores. 
7.  Spores? 


S.^Fnngl? 

0.  Particles  of  soot. 

10.  Crystals  of  chloride  of  sodinm. 

11.  Crystals  of  chloride  of  ammonium? 
18.  Crystals  of  sulphate  of  soda. 

13.  Mineral  particles. 

14.  Desmidsr 
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"The  majority  of  the  bodies  appear  to  be  the 
aporee  of  ciyptogams  with  a  few  grains  of  starch, 
which  iodine  coloured  blue." 

Bodies  collected  on  glycetine  &om  December  30, 
1875,  to  January  2.  1876,  x  1000  : — 


1  and  2,  Pollen;  3,  Starch;  4,  Three  of  these 
l«ddish  black  bodies  were  attracted  by  the  magnet,  and 
are  granules  of  meteoric  iron,  which  have  been  de- 
scribed by  M.  Tissandier.  The  4th  is  a  spore,  as  it  is 
tminflueDced  by  dilute  sulphuric  acid. 
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Dust  furnished  by  the  air  duriDg  the  month  of 
Febiuary  1876,  collected  on  glycerine; — 


Fig.  18, 


"  The  quantity  of  the  colourless  bodies.  No.  9, 
which  were  only  seen  by  the  aid  of  an  immersion  lens, 
was  enormous.  They  consist  probably  of  zoospoies 
and  germs  of  infusoria." 

From  February  11  to  16  a  large  number  of  the 
filiform  sporules.  No.  11,  were  noticed. 

Dr.  Cunningham  has  made  a  vast  number  of 
drawings  of  solid  bodies  found  by  him  in  the  air,  by 
the   aid  of  his  apparatus  described  and  figured  on 
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page   260.      Here   are    some    lepresentative    speci- 


^*  o 

00 


ng.iB. 

M.  Pasteur  suggests  the  institution  of  compariaons 
between  the  kind  and  quantity  of  organized  corpuscles 
disseminated  in  the  air  at  one  place  during  the  several 
seasons  of  the  year  before  and  aft«r  rain,  etc.,  and  at 
different  places  at  the  same  time,  with  the  object  of 
increasing  our  knowledge  of  the  zymotic  diseases, 
especially  when  epidemics  are  prevalent  He  found 
in  the  winter  months,  during  a  period  of  very  low 
temperature,  ranging  from  IS'S"  to  6'8°  F.,  that  a  very 
raoall  number  of  germs  could  be  collected  from  the  air. 
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CHAPTER  XXVII. 

TlIE    CHEMICAL    EXAMINATION    OF    AIR. 

The  description  of  the  modus  operandi  in  maloDg 
sanitory  estimates  of  the  degree  of  impurity  ot  pori^ 
of  the  air  must  neces.'jarily  be  restricted  to  those  bodies 
which  are  the  principal  and  universally  observed  in- 
jurious agents,  to  the  exclusion  of  others,  such  M 
sulphuric  and  hydrochloric  acids,  arsenic,  etc.,  that  aM 
the  local  and  special  products  of  certain  nianufacturing 
industries. 

Organic  matter  and  carbonic  &cid  stand  prominenilf 
forward  beyond  all  others  as  the  bodies  which  require 
our  attention :  the  former  because  it  is,  if  in  excess, 
the  pabulum  on  which  animal  poisons  feed,  amongat 
which  they  increase,  and  through  the  medium  of 
which  they  spread ;  the  latter  because,  whilst  itself 
being  noxious  if  in  any  large  amount,  it  is  nearly 
always  in  bad  company.  Dr.  A.  Carpenter,  in  his 
Lectures  on  Preventive  Jifedicine  and  Fiiblic  SeaiiK, 
writes :  "  Wherever  you  have  excess  of  carbonic  acid 
from  the  action  of  animal  life,  there  you  have  also  an 
excess  of  other  debris,  such  as  the  organic  matters 
which  pass  off  ftom  the  respiratory  otgans ;  septic 
matters  given  off  from  the  pulmonary  membrane,  very 
manifest  in  some  diseases  to  the  sense  of  smell;  impun 
matters   in   the    insensible    perspiration ;    ammoniacal 
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compounds  from  retrocedent  decompositions — all  of 
"Which  are  the  most  injurious  of  such  impurities." 

The  preseQce  of  sulphurous  acid  from  the  combus- 
tion of  coal  in  an  overcrowded  city,  and  free  chlorine 
in  the  air  of  a  manufacturing  centre,  may  certainly  tend 
bo  purify  to  some  extent  the  atmosphere,  which  is  so 
beavily  laden  with  animal  emanations.  As  the  existence 
Ln  air  of  an  excess  of  organic  matter  keeps  the  oxygen, 
>r  its  active  form  ozone,  low,  for  it  is  always  being  used 
jp  in  oxydizing  it,  so  the  presence  of  such  objectionable 
jitruders  as  sulphur  or  chlorine  compounds,  takes  the 
>Iace  of  this  vitalizing  gas.  The  purification  of  air  by 
lisinfectants  after  defilement  reminds  one  of  the  purifi- 
^tion  of  the  water  supply  of  a  town  that  receives 
sewage  by  filtration — an  unwise,  and,  at  the  best,  an 
Imperfect  proceeding,  and,  moreover,  a  great  waste  of 
power.  Far  better  and  wiser  is  it  to  keep  both  these 
media  pure,  rather  than,  after  permitting  them  to 
become  impure,  to  then  expend  force  (money)  in  en- 
deavouring to  restore  them  to  a  stete  of  purity. 

Dr.  Ballard,  and  other  eminent  men,  have  been 
diligently  collecting  information  as  to  the  fearful  pollu- 
tion of  air  that  is  unceasingly  proceeding,  and  valuable 
materials  have  been  and  are  now  being  brought  together 
for  consideration  by  the  Koyal  Commission  that  has 
been  deputed  to  investigate  the  subject  of  air  pollution. 
The  aid  that  such  a  Commission  requires  before  a 
recommendatory  report  can  be  issued  as  a  basis  of  any 
l^islation,  is  partly  that  which  scientific  chemists  and 
partly  that  which  medical  officers  of  health  should  be 
able  to  furnish.  The  scientific  chemist  must  be  in  a 
position  to  represent  on  paper,  in  the  form  of  figures, 
the  differences  in  the  d^ree  of  impurity  of  various 
kinds  of  polluted  air.  This  first  step  tow&rda  xX^e 
T 
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definite  and  precise  havii^  been  gained,  it  Uien  devolvea 
on  tlie  health  officer  to  clearly  lay  down,  with  exacti- 
tude, the  connection  that  ezista  between  these  decrees 
of  impurity  and  certain  forma  of  disease  or  ill  healtb. 
If  the  scientific  chemist  and  medical  officer  of  healUi 
can  push  our  knowledge  so  far  as  to  be  able  to  prove 
to  demonstration  that,  if  ihe  human  body  is  persisteatly 
exposed  to  air  contaminated  by  a  polluting  agent  to  a 
d^ree  represented  by  a  certain  figure,  it  will  be,  in  the 
majority  of  instances,  injuriously  affected,  then  the 
Legislature  will  hare  some  basis  on  which  to  -wxak. 
A  Government  wotdd,  whether  in  acccodance  or  not 
with  its  own  wish,  be  compelled  to  act  consistently 
with  the  principles  of  past  sanitary  legislation,  tbe 
burden  of  which  is  that  a  man  shall  do  nothing  which 
is  injurious  to  the  health  of  his  neighbour  or  to  the 
public  welfare.  Those  enlightened  and  humane  men 
who  govern  cannot  avoid  deploring,  as  do  the  governed, 
that  great  manufactories  that  defile  the  air  exist,  which 
sustain  in  their  vicinity  hundreds  and  thousands  of 
work-people,  whose  vital  energies  are  lowered  (thus 
rendering  them  a  more  ready  prey  to  disease),  and 
whose  offspring  are  stunted  and  depraved  by  the 
medium  which  the  industry  that  supports  them  is 
always  and  needlessly  rendering  unwbolesoma 

A. — Obganic  Matter. 

Organic  matter  which  is  given  off  from  the  skins  and 
lungs  of  all  animals,  and  gives  that  peculiar,  indescrib- 
able odour  noticeable  in  ill- ventilated  bed-rooms  occu- 
pied by  many  or  by  dirty  people,  is  very  easily  detected 
in  the  air,  but  there  has  always  been  a  considerable 
difficulty  in  estimating  its  amount>  by  reason  of  the 
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iiference  of  otiier  sabBtftnces  contaiDed  in  air,  which 
i  mixture  of  so  mttaj  different  extraneous  bodiea. 
Of  the  chemical  composition  of  organic  emanations 

know  very  little.  Dr.  Odling  found  that  the 
ours  ariait^  ^m  sewage  were  of  a  carbo-smmoniacal 
uie,  Himilar  to  such  bodies  as  methylamine,  or  tri- 
Jiylamine  and  ethylamina  Beyond  this  point  Uiere 
nothing  but  a  terra  incc^nita  as  to  this  very  in- 
isting  subject 

One  of  the  first  processes  adopted  for  the  estimation  maa^ 
he  amount  of  organic  matter  was  to  expose  a  solution  uiuod. 
tennanganate  of  potash  to  the  air,  as  the  oxygen  of  the 

has  a  powerful  oxydizing  effect  on  organic  matters, 
mrette  was  filled  with  a  very  weak  solution,  and  an 
onpt  was  then  made  to  ascertain  bow  much  of  it 
I  necessary  to  drop  into  a  bottle  of  a  certain  capacity, 
>re  it  arrived  at  the  point  when  it  was  no  longer 
}lorized  by  the  air  of  the  bottle.  The  amount  ne- 
lary  to  reach  this  point  having  been  found,  it  was  a 
:ter  of  easy  calculation  to  ascertain  how  much  of 

permanganate  of  potash  salt  was  expended. 
Another  plan  was  the  following : — The  teat  solution 
placed  in  a  bottle  of  known  size,  attached  to  an 
irator,  and  is  violently  shaken  with  the  air  in  the 
tie.  This  air  having  been  washed,  the  bottle  is  re- 
ad by  the  aspirator,  and  a  fresh  quantity  of  air  is 
shed,  etc.,  the  object  being  to  discover  how  much  of 
/  given  sample  of  air  is  necessary  to  (decolorize  the 
ik  solution.  It  will  be  seen  that  in  both  modes  of 
)lying  this  permanganate  of  potash  test  the  object  is 
!  same,  namely,  to  remove  the  pink  colour  of  a  solu- 
n  of  known  strength  by  a  known  quantity  of  air 
dcen  with  it  It  was  ascertained,  however,  that  the 
lous  acid  often  present  in  the  purest  air ;  tti&t  Wia 
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solpharous  acid,  which  ia  veiy  abimdaDt,  and  the 
hydrogen  Bolphide  gas,  which  is  general];  found  in 
minute  qoantitiea,  in  town  air ;  and  the  chlorine  com- 
ponnda,  which  often  exist  in  the  air  of  our  manu&c- 
turing  cities : — also  decolorize  pennanganate  of  potash. 
This  process,  therefore,  never  unqnestionably  prora 
the  presence  of  any  oi^anic  mattei,  but  merely  indicate! 
the  relative  quantities  of  ozidizable  matter  contained 
in  different  samples  of  air. 

Better  modes  have  since  been  devised,  havii^  for 
theirobject  the  conversionof  the  organic  matterof  air  into 
ammonia,  the  amount  of  which  can  easily  be  calculated. 
Water  is  prepared  of  great  purity  by  dfatilliig  it 
twice  in  perfectly  clean 
vessels.       A      definite 
quantity,  generally  50 
c.  c,  ia  placed  in  a  Win- 
cheater  quart  bottle,  oi 
any    other    of    known 
capacity.     A  little  bel- 
lows,* the  capacity  ot 
which    is     ascertained, 
with  a  vulcanized  india- 
rubber  tube,  is  employed 
for  pumping  fresh  sup- 
la  ft  ntn  it  plies  01  aiF  mto  the  bot- 
oneertrtmftr,  which  ^imiiiftirwheD  fcle,  OF  for  withdrawiiiB 

»ir  1*  pumped  tDto  ■  t«hL    K  It  1>  , 

■uhsd  to  vtihdnw  air  trom  ■  vgmi  the  aiT  Contained  in  the 
r*;;^"™'*^"'^'""^™*'  ^tUe,  so  that  fresh  air 

»,,  »  Wincheiter  qnut  bottl*,  ' 

may  rush  in  and  take 
its  place.     (F^.  20.) 

*  Mine  wu  procured  at  a  nit;^<»l  iiutninient  maker'a,  sacli  m  i* 
«B)pIo7«d  for  inflatiiig  air  beda. 
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The  bottle  and  bellows  are  taken  to  the  place,  the 
air  of  which  it  is  proposed  to  analyze,  and  the  washing 
of  the  air  is  proceeded  with  by  blowing  air  thrice  into, 
or  sticking  aii  three  times  out  of,  the  bottle,  replacing 
tlie  stopper,  and  violently  shaking  the  bottla  This 
performance  has  to  be  repeated  100  times,  and  is,  as 
may  be  Bupposed,  sufBciently  laborious.  In  order  to 
refill  the  bottle  with  air,  an  air-pump  is  sometimes 
used  until  the  required  point  is  obtained  on  a  mercury 
gauge,  this  being  found  to  indicate  a  known  amount 
of  air,  which  is  then  allowed  to  enter  in  order  that 
it  may  be  washed.  Some  few,  such  as  Dr.  Angus 
Smith,  have  gone  through  a  series  of  these  air-wash- 
ings, and  the  results  arrived  at  have  been  found 
Batisfactory.  The  cumbrouaness  of  the  apparatus, 
and  the  labour  involved,  have  been  great  obstacles 
to  the  general  adoption  of  this  process.  Mr.  A.  Moss' 
experiments  on  the  nitrogenous  oiganic  matter  in 
air,  referred  to  on  page  195,  were  made  by  passing 
a  certain  quantity  of  air,  by  means  of  "  an  accurately 
graduated  aspirator,"  through  four  wash  bottles,  each 
being  of  a  capacity  of  100  a  c,  and  each  containing  50 
E,  c,  of  pure  distilled  water.  In  the  first  bottle  of  the 
series,  50  c.  c.  of  pure  hydrochloric  acid  was  also 
poured. 

The  air-washings  are,  in  either  case,  distilled  with 
the  caustic  potash  and  permanganate  of  potash  so- 
lution, and  the  distillates  are  treated  with  Nessler 
re-agent.  Although  all  the  oiganic  nitrogen  of  the  air 
is  not  in  this  manner  converted  into  ammonia,  that 
vhich  is  most  easily  decomposed,  such  aa  is  theoreti- 
cally capable  of  producing  disease,  is  secured. 

A  fourth  method,  which  has  been  au^ested  as 
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applicable  to  the  detection  and  estimation  of  atmos- 
pheric impurities,  is  to  pass  a  known  quantity  of  air  bj 
means  of  a  swivel  aspirator,  graduated  into  cubic 
centimetres  or  cubic  inches,  through  distilled  water, 
to  catch  the  organic  matter,  and  through  standnzd 
solutions  of  nitrate  of  silver  and  chloride  of  barium,  to 
retain  respectively  the  chlorine  and  sulphur  compounds. 
This  plan  is  perfectly  useless,  for  the  amounts  of  these 
bodies  secured  in  this  way  are  too  small  for  estimatioa 

If  success  is  to  be  achieved  in  air  analysis,  it  is 
absolutely  essential  that  a  very  large  quantity  of  air 
be  washed  in  a  very  small  quantity  of  water,  so  large 
indeed,  as  to  be  able  to  obtain  results  which  are  alto- 
gether beyond  the  reach  of  being  affected  by  the  expe- 
rimental errors  that  are  inseparable  from  aU  dehcate 
analytical  operations. 

A  fifth    method,   already    mentioned    as  adopted 
for  extracting   the   solid    particles  contained  in  air 
for   microscopical   examination,    consists    in   drawing 
a  measured  quantity  of  air  by  means  of  an  aspirator 
through  a  clean  curved  tube  (which  has  been  previously 
heated  and  cooled),  surrounded  by  a  freezing  mixtoie. 
The  moisture  contained  in  the  air  is  condensed,  and 
with  it  much  of   the  organic  matter.     The  tube  is 
then  washed  out  with  pure  water  and  the  washings  are 
analyzed. 

The  elaborate  series  of  analytical  observations  on 
the  impurity  of  air  that  have  been  in  progress  for  some 
time  at  the  Montsouris  Observatory,  near  Paris,  under 
the  superintendence  of  M.  Mari^-Davy,  and  the  valu- 
able analytical  work  on  the  air  of  Glasgow,  that  is  now 
at  the  present  time  carried  out  by  Mr.  Dixon,  B.  So., 
with  the  co-operation  of  the  medical  of&cer  of  health, 
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are  the  most  complete  and  perfect  that  have  jet  been 
attempted  on  a  large  scale. 

The  arrangements  of  the  latter  gentleman  are  in 

many  reepects  precisely  the  same  as  those  conducted 

by  M.Mari^Davy,with  some 

improvements  that  he  has,  ^ 

throngh  the  light  of  English 

methods  of  analysis,  made. 
The  apparatus  which  is 

Qsed     at     the     Montsouris 

Obeerratory,  not  only  for  the 

estimation  of  the  amount  of 

organic  matter,  but  of  that 

of  carbonic  acid,  ozone,  etc., 

consists   essentially   of   two 

distinct    parts,  one  being  a 

pump    or    aspirator,    of     a 

peculiar  construction,  which  / 

draws  a  known  quantity  of 

the  airopeiated  upon  through 

a   certain  solution,  and  the 

other  being  an  arrangement 

for    holding    the    absorbing 

solution  and  exposing  it  fully 

to  the  influence  of  the  air. 
The  aspirator  is  composed 

of  a  glass  tube,  about  2  cen- 
timetres in  diameter,  and  1 0 

centimetres  long.    This  tube 

is   tapered  at  its  lower  ex- 
tremity, which  is  connected 

with  a  -vertical  india-rubb«r  or  glass  tube   B,  about 

5  millimetres  in  diameter  and  2  or  3  metres  in  length. 


280  CHEMICAL  EXAMINATION  OF  AIB. 

The  glass  tube  A  is  closed  at  its  upper  extremity  by  a 
cork,  through  which  two  tubes  D  and  C  pass.  The 
tube  D  communicates  with  a  water  service  pipe;  a 
stopcock  at  the  junction  serves  to  regulate  the  flow  of 
liquid  which,  running  into  A,  descends  through  the 
ringed  portion  (b)  of  the  tube  B,  carrying  bubbles  of 
air  derived  from  the  tube  G,  similar  in  appearance  -to 
the  manner  in  which  the  mercury  of  a  Sprengel's 
pump  draws  the  air.     (Fig.  21.) 

The  water  and  air  both  enter  the  displacement 
gauge  E,  where  they  separate.  The  water  flows  away 
by  the  curved  spout  F,  and  the  air  escapes  by  the 
tube  G,  which  terminates  in  an  air  meter  that  measuies 
its  volume.  The  "  aspiration  pipe,"  C,  is  attached  to 
the  set  of  absorbents  intended  to  remove  the  body 
to  be  collected  from  the  air.  Where,  in  other  analy- 
tical experiments,  a  larger  quantity  of  air  is  required,the 
observers  at  Montsouris  combine  together  8  of  these 
twisted  tubes,  arranging  them  in  a  parallel  manner — Vide 
fig.  24.  This  more  powerful  aspirator  delivers  80  litres 
of  water  and  200  litres  of  air  per  hour.  A  set  of  absorlh 
ents  consists  of  two  or  more  elements,  each  element 
being  thus  formed  :  A  straight  tube  of  platinum,  1 
centimetre  in  diameter,  and  14  or  15  centimetres  in 
length,  open  at  its  upper  end,  is  dilated  at  its  lower 
extremity,  where  it  is  closed  by  an  arrangement  re- 
sembling the  rose  of  a  watering  can,  pierced  in  its 
centre  by  5  or  6  holes  of  J  millimetre  in  diameter,  to 
facilitate  the  washing  of  the  tube.  At  the  upper  part 
of  the  rose  the  enlarged  portion  of  the  tube  is  perforated 
with  20  holes  of  §  of  a  millimetre  in  diameter,  dis- 
posed in  two  circular  rows.  This  tube  is  arranged  in 
the  axis  of  a  deep  cylindrical  glass,  about  4  centimetres 
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%  ladJA-mbber  tube  CO 


in  diameter,  and  1 1  or  12  centimetres  in  depth.     Here 
it  is  retained  in  position  by  a 
gutta-percha  cork,  which  is  also 
traversed  by  a  bent  glass  tube 
of  a  diameter  of   1  centimetre. 
If  we  place  some  water  in  the 
glass  and  draw  air  thiough  the 
bent  tube,  air  will  enter  the  pla- 
tinum tube  and  escape  through 
the  liquid  in  the  form  of  uumer-    I 
ous     fine    bubbles  —  Vide    fig. 
22.       When     the    amount     of   < 
organic    matter    in    the   air    is 
sought    to    be    determined,  M. 
Mari^-Davy  and   his   assistants  ' 
pass    100   cubic  metres  =  about 
3531 J  cubicfeet  of  air,  through  ^°°*- 
distilled  water,  and  examine  it  by  the  permanganate 
process. 

The  ammonia  in  the  air  is  determined  at  this  ob- 
servatory in  a  manner  which  will  not  be  imitated  in  this 
country,  where  we  employ  so  imiveraally  the  Nessler 
test.  A  vessel  of  two  litres  capacity,  fitted  at  its  base 
with  a  tapered  glass  tube,  and  filled  with  distilled 
water,  is  fixed  at  a  certain  distance  above  the  terrace 
of  the  staircase.  This  quantity  of  water  escaping  from 
the  jet  in  exceedingly  minute  drops,  and  descending 
through  4  metres  of  air,  furnishes  about  1  litre  of  this 
"  artificial  rain,"  which  is  collected,  mixed  with  lime 
water  and  distilled.  The  product  of  distillation  is 
then  treated  with  a  definite  quantity  of  a  standard 
diluted  sulphuric  acid,  ia  concentrated  by  evaporation, 
and  at  length  rendered  neutral  by  a  standard  solution 
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of  ammonia,  which  detennines  the  Temaining  amount 
of  acicL  The  difference  between  the  amount  of  add 
employed  in  the  first  instance,  and  that  found  by  the 
standard  solution  of  ammonia  to  have  been  imacted 
upon,  furnishes  the  ammonia  contained  in  the  collected 
water.  The  quantity  of  ammonia  in  100  cubic  metres 
of  air  at  the  time  of  the  experiment  is  ascertained  by  the 
help  of  a  table  prepared  by  M.  Schloesing,  in  which  the 
relation  between  the  amount  of  ammonia  detected  in  the 
analysis,  and  the  weight  of  ammonia  present  in  a  litie 
of  water  "  en  ^quilibre  ammoniacal  avec  Tair  "  is  shown. 
AirenmiBft-  In  Glasgow,  wMch  is  well  known  to  be  a  city  of 
smoke  and  manufactories,  6  or  7  stations  have  been 
established  in  its  various  parts,  and  one  has  been 
organised  in  pure  air  at  Eaglesham,  which  is  12  miles 
distant ;  at  all  of  which  the  amount  of  ammonia  and 
albuminoid  anmionia,  carbonic  acid,  sulphuric  acid,  and 
chlorine,  coupled  with  certain  meteorolc^cal  phenomena, 
such  as  rainfall,  temperature,  etc.,  are  observed. 

Every  station  in  the  city  is  provided  with  (1)  sets  of 
"  absorbents,"  each  "  set "  being  furnished 
with  a  distinct  solution  containing  glass 
beads,  adapted  to  withdraw  one  of  the 
above  named  substances  from  the  current  of 
air  that  passes  through  it ;  (2)  a  water  injec- 
tion aspirator — Vide  fig.  23 ;  (3)  a  gas  meter 
to  measure  the  amoimt  of  air  passing  through 
the  aspirator ;  and  (4)  a  water-gauge  to 
keep  the  aspirators  at  all  the  stations  as 
nearly  as  possible  at  one  and  the  same 
speed. 
^^-  A  set  of  absorbents  for  ammonia  and 

albuminoid  ammonia,  which  are  estimated  together  as 


Water 
Injection 
Afplntor, 
adapted  for 
oonitantaiMl 
Ufl^pret- 
■nre  water 
Mnrice. 
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ammonis,  is  ttua  prepared  The  glaasea  havii^  been 
thoroughly  washed,  about  three  ounces  of  glass  beads 
{vide  Fig.  22)  and  some  twice  distilled  water  are  placed 
in  each.  They  are  allowed  to  remain  in  the  water  for  a 
short  time  in  order  that  any  impurities  adhering  to  the 
beads  may  be  removed  by  the  water.  The  distilled  water 
having  been  poured  off,  10  c  c  of  diluted  sulphuric 
acid,  and  70  c.  c  of  distilled  water,  &ee  from  unmonia, 
are  introduced  in  the  followii^  proportions : — 

Dilute  Snlplnuic  Add.  DistillMl  Water.  OUm. 

Sec.            .  .        30  cc        in  No.1 

3c.o;             .  ,          SOcc.         „  „2 

2  c  c.            .  .        10  c.  0.        „  „    3 

The  roses  bong  inserted,  the  set  of  absorbents  is 
attached  to  an  aspirator  for  48  hours,  in  which  apace 
of  time  about  200  cubic  feet  of  air  are  passed  through 
this  dilute  sulphuric  acid.  At  the  end  of  this  time 
the  contents  of  the  glasses,  beads  included,  are  poured 
into  a  copper  flask  made  out  of  a  v^  large  ball  cock, 
into  which  1 5  c.  c.  of  a  solution  of  carbonate  of  potash 
(240  grammes  in  a  litre  of  distilled  water)  has  been 
previously  poured.  The  washings  with  twice  distilled 
water  of  the  passes  and  tubes  are  added,  so  as  alto- 
gether to  just  exceed  ^  litre.  The  copper  fiask  is  then 
attached  to  a  condenser,  and  distillation  is  performed 
exactly  as  has  been  described  on  pt^es  38  and  40,  in  the 
analysis  of  water,  the  iirst  ^  litre  yielding  the  ammonia 
and  the  remaining  ^  litre,  a&&  the  addition  of 
50  c.  c  of  the  caustic  potash  and  permanganate  of 
potash  solution,  fumishing  the  albuminoid  ammonia ; 
the  amount  in  each  case  being  estimated  by  a  standard 
ammonia  solution  precisely  as  has  been  there  indicated. 
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I  am  not  aware  that  beads  aie  employed  at  the 
Montaooris  Obsenratoiy  for  min- 
utely anbdividing  the  streams  of  air. 
This  addition  has  been  made,  I  be- 
lieve, by  Mr.  Dixon — Vide  fig:  22. 
And  to  it  is  partly,  in  all  probability, 
..  .    to  be   ascribed  the  higher   results 

^     A\  which  he  obtains. 

At  the  station  at  Eagleaham  he 

P  uses  an  aspirator  formed  of  a  com- 

1  bination  of  twisted  tabes,  the  inUr- 

nal  orifice  of  each  having  a  slit— 

^  Firfe  fig.  24. 

There   are    a    great  variety  of 
"■■  **■  aspirators,  and  it  is  difficult  to  de- 

cide as  to  which  is  the  best  form.  Some  are  more 
adapted  for  certain  purposes  than  for  others.  Descrip- 
tions and  aketchea  of  many  of  the  moat  favourite  kinds 
are  to  be  found  in  (kcmeandAntozcme.p&gea  250  to  259. 
It  is  not  my  intention  to  give  a  description  of  the 
mode  of  carrying  out  these  valuable  determinations. 
Mr.  Dixon  will  aoou  himself  furnish  the  scientific 
world  with  a  full  and  complete  account  of  the  whole 
process,  and  the  exceedingly  interesting  results  which 
he  has  obtained  after  the  expenditure  of  a  wonderful 
amount  of  toil  and  ingenuity. 

There  would  seem  to  be  some  divergence  in  the 
results  as  derived  by  the  bellows  pump  and  shaking 
(described  on  page  277)  when  compared  with  those 
procured  by  aspiration  wiUi  roae-ended  tubes.* 

•  Proc  af  Royal  Sodely,  Dec.  13,  1877. 
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Mancheater,  Dec.  2,  1S70, 
doll,  damp  morning    . 

Ditto.  Dec  *,  raining      . 

B  J  Shaking. 

MiUienuDfflelnlCaUaHetnatAir.        1 
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■leo 

■169 
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■070 
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The  oi^anic  matter  has  been  obtained  for  ezamina- 
tioD  from  air,  by  collecting  the 
moisture  that  is  seen  to  attach 
itself  to  the  -walla  and  windows  of 
crowded  ill-ventilated  halls,  which 
has  been  condensed  bj  the  cold 
air  outside.  Mr.  A.  H.  Smee  * 
employs  a  glass  funnel  drawn  to  a 
point,  and  filled  with  fragmento  of 
ice.  The  aqueous  vapour  in  the 
air  is  deposited  as  a  dew  on  the 
Bides  of  the  funnel,  which  nma 
down  and  is  received  in  a  vessel 
underneath.  This  air  moisture,  in 
whatever  way  procured,  is  examined  for  nitrc^enous 
compounda 

The  process,  which  will  now  be  described,  is  pre- 
ferred by  me  to  all  that  have  yet  been  adverted  to  : — 

1.  Because  it  is  the  most  rapid  and  reliable  one 

that  has  been  devised. 

2.  Because  the   air-washing  apparatus  required  is 

portable,  and  can  be  readily  carried  in  the 
hand  bj  any  one  in  a  small  box. 
*  See.  Seititet  TrantaiUmt,  187G,  page  1S6. 


Fig.!!*. 


PoImilB- 
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It  consists  in  bringing  continnally  fresh  quantities 
of  air  into  intimate  contact  with  a  small  quantity  of 
very  pure  water,  which  is  reduced  to  a  minute  state  of 
subdivision  by  pulverization.  The  tools  required  are 
the  following : — 

1.  A  glass  c}*linder  about   7^  or   8  inches  long, 


PIg.2«. 


A.  Cylinder. 
BB.  Wash-bottlee. 

C.  Black  India-rubber  ball  pomp. 

D.  Black  india-rubber  ^  ox.  ball,  to 
which  a  glaaa  tube,  tapered  to  a  fine  point, 
it  attached. 


E.  Black  india-rubber  cork,  througji 
which  passes  the  air  pipe  of  a  Beiigionli 
spray  producer  and  a  straight  glass  tnbe, 
one  end  of  which  stoppers  into  a  waib- 
bottle. 

F.  Level  of  fluid  in  cylinder. 


and  2  inches  in  diameter,  furnished  with  a  laige  black 
india-rubber  stopper  perforated  with  two  holes,  into 
one  of  which  the  air-pipe  of  a  Bergson's  spray  pro- 
ducer is  fitted,  the  other  being  intended  for  the  passage 
of  a  straight  glass  tube  about  12  inches  long  and  ^ 
inch  in  diameter. 
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2.  Two  stoppered  Woulfe's  wafih-bottles,  of  a  ca- 
pacity of  aboat  130  c.  c 

Ko  corks  Bhould  be  employed  for  connections.  The 
tubes  Eire  stoppered  into  the  necks  of  the  wash- 
bottles. 

3.  A  stoppered  flask,  of  the  capacity  of  100  c.  c, 
with  a  mark  at  about  7  0  c  c. 

4.  A  black  ^  oz.  india-rubber  ball,  to  which  a 
glass  tube,  drawn  to  a  fine  point  at  its  extremity,  is 
fitted.  The  point  is  protected  by  a  cap  formed  of  an 
inch  of  the  smallest  black  iadia-rubber  tubing,  sealed 
at  one  end. 

The  steps  of  the  process  are  as  follows : — 

The  several  parts  of  the  apparatus  having  been 
thoroughly  cleansed  in  the  laboratory  with  twice-dis- 
tilled water,  which  gives  no  colour  whatever  with 
Nessler  test,  by  the  aid  of  the  ball  injection  tube,  the 
several  parts  are  securely  attached  to  one  another. 
The  cylinder  with  its  spray  producer,  the  waeb-bottles, 
the  ball  pump,  and  flask  filled  up  to  the  70  c.  c 
mark  with  twice-distilled  water,  are  packed  in  a  small 
practically  air-tight  box,  and  conveyed  to  the  place,  be 
it  a  public  building  or  a  private  dwelling-house,  or 
some  marsh  land,  where  it  is  intended  to  make  an  air- 
washing. 

Pour  a  little  of  the  70  c.  c.  of  the  distilled  water 
contained  in  the  flask  into  the  glass  cylinder,  so  that 
when  inverted  its  level  may  be  just  below  the  jets  of 
the  spray  tubes.  The  remainder  of  the  70  c.  a  is 
poured  in  about  equal  proportions  into  the  two  wash- 
bottles. 

Air  should  then  be  pumped  into  the  glass  cylinder 
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SO  as  to  produce  in  its  interior  a  fine  spray  or  mist 
by  means  of  the  india>rabber  pomp,  the  capacity  of 
which  should  have  been  previously  ascertained  by  the 
help  of  an  air  or  gas  meter.     The  greater  part  of  the 
spray  returns  to  the  water  at  the  bottom  of  the  cylin- 
der to  be  reconverted  into  spray  with  fresh  portions  of 
air,  but  a  small  quantity  passes  downwards  through  the 
straight  tube  into  wash-bottle  No.  1,  and  a  still  smaller 
portion  reaches  wash-bottle  No.  2.     At  the  exit  tube 
of  the  latter  no  spray  can  be  perceived.     The  india- 
rubber  pump  which  I  employ  delivers  3*2  cubic  inches 
of  air  every  time  its  sides  are  approximated  by  the 
pressure  of   the  hand,  so  that  if  it  is  emptied  540 
times,  an   operation  which  altogether  consumes  about 
J  of  an  hour,  one  cubic  foot  of  air  is  injected  into  the 
glass  cylinder.    At  the  termination  of  the  stage  of  aii- 
washing,  the  distilled  water  in  the  cylinder  and  in  the 
wash-bottles  should  be  immediately  poured  back  into 
the  fleisk,  and  the  apparatus  having  been  restored  to 
the   box    is  returned    to  the  laboratory;   where   the 
interior  of  the   cylinder,  and  wash-bottles,  and  glass 
tubes,  should  be  at  once  washed  out,  by  the  aid  of  the 
ball  injection  tube,  with  twice-distiUed  water.     The 
great  point  to  be  aimed  at  is  to  wash  the  several  parts 
of  the  apparatus  most  thoroughly  with  as  little  distilled 
water   as  possible,  as   if  indeed  this   fluid  was  most 
costly.     Tlie  washing  of  the  apparatus  can  efficiently 
be  accomplished  with  30  c.  c,  which  should  be  poured 
also  into  the  flask,  thus  filling  it  up  to  its  100  c.  c. 
mark. 

The  mere  weishing  of  the  apparatus  with  distilled 
water  both  before  and  after  the  operation  is  suflScient 
to  heighten  the  experimental  error,  which  is  insepar- 
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able  from  all  these  delicate  experiments.  Accordingly, 
it  is  necessary  to  know  the  average  amount  of  nitro- 
genouB  matter,  whether  in  the  form  of  ammonia  or 
albuminoid  ammonia,  which  is  present  in  the  air  in 
which  these  cleansings  are  made.  If  we  know  the 
average  experimental  error  which  occurs  when  blank 
experiments  are  made  in  our  laboratory,  there  is 
nothing  easier  than  to  make  the  necessary  deduction 
from  the  results  furnished  by  an  air-washing.  The 
average  experimental  error  of  manipulation  when  the 
preliminary  and  terminal  cleansings  of  the  apparatus 
are  made  in  my  laboratory  is  about  '006  of  albuminoid 
ammonia  for  a  cubic  foot  of  air,  a  quantity  which  is 
consequently  always  deducted  by  me  from  any  result 
obtained  from  an  air  analysis. 

The  contents  of  the  flask,  namely,  the  air  washings 
and  the  cleansings  of  the  cylinder  and  wash-bottles, 
are  analyzed  for  ammonia  and  albuminoid  ammonia  in  a 
manner  precisely  similar  to  the  mode  adopted  in  a 
water  analysis. 

A  small  stoppered  retort,  of  a  capacity  of  200  cub. 
cents,  connected  with  a  glass  Liebig's  condenser,  about 
18  inches  long  is  necessary. 

By  means  of  a  little  copper  basin,  containing  sand 
or  oil,  placed  on  a  large  ring  of  a  retort  stand,  heat  can 
be  applied  more  gently  than  with  a  naked  flame.  I 
often,  however,  use  tlie  naked  flame  with  the  chimney, 
as  figured  on  page  87.  The  retort,  condenser,  etc, 
should,  after  copious  ablutions  with  tap  water,  he  first 
thoroughly  washed  internally  by  distilling  through  the 
apparatus  some  twice-distilled  water.  The  100  c,  c.  of 
air-washings  contained  in  the  flask  should  then  be 
introduced  into  the  retort,  and  distillation  begun. 
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A  dozen  test-glasses  that  will  stand  without  sup- 
port, about  4  inches  long,  and  ^th  inch  in  diameter, 


Fig.27. 


the  bases  of  which  have  no  colour,  should  have  been 
previously  marked  with  a  file  at  the  height  which  is 
reached  by   10   c.  c.  of  fluid.     No   corks  should  be 
used.     The  retort  and  condenser  can  be  united  by  a 
packing  made   of  a  strip  of  common  writing  paper. 
The  first  distillate  of  10  c.  c.  that  passes  over  should 
be  Nesslerized  by  introducing  into  it  ^  c.  c.  of  Nessler 
re-agent,  and   shaking   the  mixture.     We  should  not 
blow  into  the  pipette  so  as  to  mingle  the  contents 
of  the  Nessler  glass,  as  is   not  uncommon  in  water 
analysis.      The  second,  third,  and  fourth    distillates, 
each  of  10  c.  c,  may  be  thrown  away,  and  a  third  of 
the  quantity  of  ammonia  found  in  the  first  distillate 
be  added  as  in  water  analysis,  page  40.     The  con- 
tents  of  the  retort  are  then  to  be  allowed  to  cooL 
After  it  has   become  reduced   to  a  state  of  tepidity, 
10   c.  c.  of  the  solution   of   permanganate   of  potash 
and  caustic  potash  are  added,  and  the  distillation  again 
proceeded  with.     Each  of  the  three  distillates  should 
be  tested  with  ^  c.  c.  of  Nessler  re-agent,  and  then  the 
estimation  of   the  coloration  of  the  single    ammonia 
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distillate,  and  the  three  albuminoid  ammoiiia  distil- 
lates, should  be  mada 

A  burette  with  the  subdivisiona  of  each  cubic  cen- 
timetre widely  apart  is  necessary.  Mine  is  1  foot 
long,  and  ]^th  inch  in  diameter,  and  with  it  -^ths 
of  a  c  c.  can  easily  be  read. 

The  very  dilate  standard  ammonia  solution  used  is 
half  the  strength  of  that  found  most  convenient  in 
water  analysis,  and  is  prepared  by  mixing  5  c.  c.  of 
the  strong  standard  solution  of  ammonia  (1  milli- 
granune  of  ammonia  in  1  c.  c)  with  995  c  c  of  twice- 
distilled  water.     Accordingly 

1  c.  c  of  it  coatains  "OOIi  nullignmme  of  ammonia. 
J  c,  c.  „  -0026         „  „ 

A  c.  c.  „  -OOIO         „  „ 

Ace  „  -OOOS         „  „ 

It  is  necessary  to  make  up  standards  e:!actly  as  in 
water  analysis.  The  test-glasses  should  be  deansed 
with  twice-distilled  water  by  the  aid  of  the  pipette 
before  they  are  employed.  If  Gmelin's  wash-bottle  is 
used,  organic  impurities  from  the  breath  may  be  intro- 
duced. 

The  test-glasses  containing  the  standards  and  the 
distillates,  ihe  colour  of  which  it  is  necessary  to  imi- 
tate, are  placed  on  a  sheet  of  white  paper.  It  is  often 
very  convenient  to  stand  them  in  a  common  test-tube 
rack.  The  differences  between  the  tints  of  each  ^^th 
of  a  c  c.  of  the  very  dilute  standard  ammonia  solution 
are  distinguished  with  great  precision  by  one  who  has 
had  some  practice  with  these  delicate  analytical  ope- 
rations. 

The  great  objection  to  the  employment  of  so  small 
a  quantity  of  air  as  one  cubic  foot  is,  that  the  experi- 
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mental  error  falls  so  heavily  on  the  results.  This 
difficulty  can  be  overcome  by  practice  and  the  greatest 
attention  to  cleanliness,  and  the  minute  details  with 
which  every  practical  scientific  chemist  is  conversant 
Blank  experiments  on  pure  air,  or  the  effects  of  simply 
washing  the  apparatus  with  twice-distiUed  water,  wiQ 
give  confidence  to  the  operator  in  his  tools,  and  by 
giving  him  practice  will  help  him  to  obtain  reliable 
results  of  air  of  different  degrees  of  impurity. 

Whichever  of  the  foregoing  plans  be  adopted  for 
extracting  the  organic  matter  from  the  air,  its  washings 
are  treated  in  the  same  way.  These  washings 
are  examined  by  the  Wanklyn,  Chapman  and  Smith 
process,  in  a  manner  precisely  similar  to  the  mode  in 
which  the  organic  matter  contained  in  water  is  detected 
and  estimated,  which  has  already  been  described. 
{Vide  page  36.) 

B.  Carbonic  Acid. 

Carbonic  As  I  before  stated,  carbonic  acid  is  not  the  worst 

"*****  impurity  in  the  air  of  our  houses,  for  it  stands  second 

to  the  organic  matter  in  its  evil  effects,  yet  an  estimation 
of  its  amount  is  an  index  of  the  foulness  of  air  of  a 
very  valuable  kind.  There  are  several  modes  of  detect- 
ing its  presence  and  calculating  its  amount  in  any 
given  sample  of  air. 
Pttttcn-  The  method  known  as  Pettenkofer's  is  a  good  one, 

^^^  but  requires  the  expenditure  of  much  time  and  labour. 
It  consists  essentially  in  washing  a  certain  measured 
quantity  of  air  with  a  definite  quantity  of  lime  water 
or  baryta  water,  and  noting  the  loss  of  causticity  that 
either  of  these  waters  (whichever  is  used)  has  unde^ 
gone;  in  other  words,  the  amount  of  lime  or  baryta 
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at  has  united  with  the  carbonic  acid.  The  proceaa 
conducted  thus : — A  large  glass  vessel  is  taken  of 
.own  capacity  (1  oz.  =  1-733  cubic  inches).  The 
:  to  be  examined  is  pumped  into  it,  or  the  air  con- 
jied  in  it  is  drawn  out  (so  ensuring  the  admission 
&esh  air),  by  a  hand  bellows.  The  causticity  of  the 
Q6  water  to  be  used  in  the  experiment  is  first  aacer- 
ned  by  mixing  with  it  a  certain  measured  quantity, 
f  30  c.  c.  of  a  solution  of  oxalic  acid  to  neutralize  it. 
le  oxalic  acid  solution  ia  made  of  such  a  strength 
at  1  c  c.  will  exactly  neutralize  1  milligramme  of 
aa  Turmeric  paper  is  employed  for  noting  the  exact 
int  of  neutralization.  The  stain  produced  on  the 
rmeric  paper  when  there  is  an  excess  of  lime  is  of  a 
rk  brown  colour,  which  becomes  paler  aa  the  oxalic 
id  solution  is  added.  As  soon  as  the  mixture  ceases 
give  a  brown  stain  the  neutralization  is  effected, 
le  same  quantity  of  lime  water,  namely,  30  a  c,  is 
aced  in  the  bottle  of  air  to  be  examined,  and  is 
aken  with  it,  and  is  allowed  to  remain  in  it  for  not 
js  than  six  or  eight  hours,  at  the  end  of  which  time 
.e  causticity  of  the  lime  water,  or,  in  other  words,  the 
lantity  of  oxalic  acid  solution  required  to  bring  it  to 
.e  point  of  neutralization  is  determined.  The  caus- 
:;ity  of  the  lime  water  that  has  been  exposed,  and 
lat  has  not  been  exposed,  to  the  air  operated  upon 
dng  known,  the  difference  will  furnish  us  with  the 
nount  of  lime  that  has  become  united  with  carbonic 
id.  From  this  datum  the  percentage  of  carbonic 
iid  in  the  air  under  examination  is  easily  calculated, 
orrections  have  to  be  made  for  temperature  and  baro- 
etric  pressure  This  process  is  fully  described  in 
Eirkes'  Hygiene  (fifth  edition). 
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The  determinatioas  of  the  unonnt  of  carbonic  acid 
in  the  air  are  thoB  made  at  tlie  Montaouris  ObservBtoiy : 
'  A  set  of  abeorbenta,  consistii^  of  three  elements,  eadi 
of  course  famiabed  with  its  platinum  loae,  is  chaiged 
with  a  20  per  cent  solution  of  potash,  coloured  bloe 
with  a  few  drops  of  litmus.  The  elements  ate  con- 
nected witfa  one  another,  all  being  in  communicatJon 
vitb  the  aspirator  depicted  in  fig.  21. 


The  last  element  serves  to  show  if  all  the  carbonic 
acid  has  been  extracted  hy  the  preceding  ones.  After 
the  passage  of  100  cubic  metres  of  air  the  contents  of 
each  element  is  submitted  to  analysis.  The  platinum 
tube  throi^h  which  the  air  has  entered  is  attached  to 
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a  graduated  burette  containing  hydrocliloTic  acid.  The 
glass  tube  through  which  the  air  has  passed  out  is 
connected  with  a  cylindrical  receiver  full  of  water, 
covered  with  a  layer  of  petroleum  oil,  and  furnished 
with  an  exit  tube,  the  upper  extremity  of  which  is 
always  at  the  same  level  as  the  layer  of  petroleum.  A 
definite  quantity  of  hydrochloric  acid  is  allowed  to 
flow  into  the  solution  of  potash,  sufficient,  indeed,  to 
convert  the  blue  colour  of  the  litmus  to  a  red  tint. 
The  carbonic  acid  evolved  displaces  a  volume  of  the 
water  equal  to  itself.  This  water  is  received  into  a 
burette  graduated  into  cubic  centimetres. 

The  method  which  has  until  recently  been  pursued 
at  Glasgow  by  Mr.  Dixon,  consisted  of  the  passage  of  1 
cubic  foot  of  air  per  hour,  for  48  hours,  through  solu- 
tions of  caustic  potash  contained  in  three  wash-bottles 
(a  set  of  absorbents).  To  their  contents  a  solution  of 
barium  chloride  was  added,  and  the  precipitate  was, 
after  washing,  drying,  and  ignition,  weighed.  Dr.  A. 
Smith  has  lately  found  *  that  three  washing-bottles 
containing  a  solution  of  barium  hydrate,  were  insuffi- 
cient to  absorb  all  of  the  carbonic  acid  fix>m  the  air 
aspirated  through  them. 

Volumes,  CO,  per  million  volumes  of  air. 
Exp.  G.         Eip.  6. 
iBt  bottle  e&ve    80  116 


ftl     .     320  438  in  Beriea  of  6  bottles. 

•  ftwe.  <if  Boydl  SodUy,  D«.  13,  1877. 
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Another  good  method,  proposed  by  Wankl jn,  based 
on  the  same  principle,  is  to  make  a  standaitl  by  dis- 
solving 4'74  grammes  of  dried  carbonate  of  soda  in 
one  litre  of  water — a  solution  which  contains  a  cnlnc 
centimetre  of  carbonic  acid  (=  1*97  milligrammes  of 
carbonic  acid)  in  every  c  c.  of  liquid 

A  bottle  capable  of  holding  2000  cubic  centimetres 
of  air,  or,  failing  one  of  exactly  the  right  capacity,  a 
stoppered  Winchester  quart  bottle,  having  been  waslied 
clean,  is  rinsed  with   distilled  water  and   allowed  to 
drain.     It  is  filled  with  the  air  to  be  tested  by  sucking 
out  the  air  of  the  bottle  with  a  glass  tube,  or  with  a 
bellows,  like  that  in  fig.  20,  when  air  from  without 
immediately  takes  its  place.      100  c.  c.  of  baryta  water 
are   introduced,  and  the  bottle  is   shaken  for  two  or 
three  minutes.     The  baryta  water,  on  being  poured  out 
into  a  glass  cylinder,  is  found  to  be  more  or  less  tur- 
bid, being  slightly  so  if  the  air  is  good,  and  like  milk 
if  it  is  very  impure.     We  then  proceed  to  imitate  the 
degree  of  turbidity  in  the    following  manner: — The 
standard  soda  solution  is  measured  by  drawing  out  the 
number  of  c.  c.  required  from  a  burette  graduated  to 
deliver  tenths  of  a  cubic  cent  of  solution.     We  take 
100  c.  c.  of  baryta  water  and  introduce  into  it  1  cc 
of  soda  solution.     If  the  turbidity  thus  occasioned  is 
about  equal  to  the  turbidity  produced  in  the  100  c.  c 
of  baryta  water  by  the  air  under  examination,  we  know 
that  the  air  contains  '05  voL  of  carbonic  acid  per  cent. 
If  two  c.  c,  or  more  than  two,  are  required  to  imitate 
the  turbidity  occasioned  by  the  air,  the  air  is  bad  and 
ventilation  is  defective. 

Dr.  Notter  advocates  the  trial  of  the  delicate  pro- 
cess of  Capt.  Abney,  which  is  thus  described  in  the  ^ini- 
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tery  Rearri,  Sept.  9th,  1876  : — "A  Horence  flaak  of 
known  capacity  is  fitted  with  a  stopper,  and  into  the 
stopper  is  inserted  an  U  tube  half  filled  Trith  spirit, 
which  may  be  coloured  with  any  convenient  pigment, 
also  a  smaller  tube,  bent  at  right  angles,  and  drawn 
out  to  about  twelve  inches  from  the  flask.  A  small 
bulb  of  very  thin  glass,  made  by  beating  to  redness  the 
end  of  a  test  tube  and  blowing  it,  is  constructed,  and 
this  is  filled  with  a  saturated  solution  of  caustic  potash, 
and  sealed  by  the  flame  of  a  gas  get ;  several  of  Uiese 
can  be  made  at  the  same  time,  and  put  by  for  future 
experiments.  Our  flask  ia  now  taken  into  the  room, 
the  air  of  which  we  wish  to  examine,  and  one  of  the 
small  bottles  containing  the  caustic  alkali  carefuUy 
placed  in  the  bottom,  and  air  blown  in  by  a  bellows. 
The  flask  is  allowed  to  remain  undisturbed  for  some 
time,  say  half  an  hour,  to  acquire  the  temperature  of 
the  air  in  the  room.  The  U  tube  should  have  appended 
to  it  a  scale  of  half  an  inch  or  less ;  this  can  be  made 
of  paper  and  pasted  on  the  back.  When  the  flask  has 
acquired  the  temperature  of  the  room,  the  long  thin 
^ass  tube  is  sealed  by  dipping  it  into  paraffin  or  wax. 
The  spirit  in  the  U  tube  should  then  stand  on  the 
same  levels.  The  flask  is  then  taken  and  jerked  sud- 
denly, so  as  to  smash  the  little  bulb  within  it  This 
sets  free  the  caustic  potash,  which  absorbs  the  carbonic 
acid,  and  causes  a  partial  vacuimi  in  the  flask,  depend- 
ing on  the  amount  of  carbonic  acid  present,  the  result 
being  that  the  spirit  in  the  U  tube  is  depressed  on  one 
side.  The  diflerence  in  the  reading  will  give  the 
difference  in  pressure  due  to  the  absorption  of  the  gas, 
and  from  this  can  be  easily  calculated  the  amount  of 
carbonic  acid  present  in  the  flask. 
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Simpler,  bat  somewhat  less  accurate,  modes,  calkd 
the  hotiBehoId  and  miuimetric  processes,  'which  are 
sufficiently  exact  for  all  practical  purposes,  have  been 
proposed  by  Dr.  Angus  Smith.* 

The  outside  air  contains  an  amount  of  carbonic  acid, 
varying  between  03  and  06  per  cent,  but  is  most 
frequently    '04    per    cent,   which    rises    in    crowded 


buildings  and  other  close,  ill-ventilated  places  to  '25 
per  cent.  The  way  to  estimate  the  amount  roughly  \s 
to  wash  different  measured  quantities  of  air  with  ^  ot 
of  lime  water  in  such  bottles  as  are  here  depicted. 
The  lime  water  is  prepared  by  slaking  lime  with  water, 
stirring  the  slaked  lime  with  the  water,  and  then  allow- 
ing the  lime  to  subside.  The  clear  fluid  is,  after  12  or 
24  hours,  poured  off,  and  is  ready  for  use,  A  tabla 
has  been  prepared  to  facilitate  the  use  of  this  plan : — 


•  Op.c 
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20-6 
lB-6 
12-5 
10-5 


Foint  of  oliHiintloii  li 

lupiwipUaK. 
CubotJo  Add  in  ilr 


rhe  rule  to  Temembet  is  that  the  air  around  houses 
■Toily  contains  about  04  per  cent  of  carbonic  acid, 
that  our  rooms  should  always  be  kept  so  that  a 
oz.  bottle  full  of  air,  when  shaken  with  -J-  oz.  of 
water,  gives  no  precipitate.  We  then  know  that 
air  does  not  contain  moie  than  -06  per  cent  It 
ften  difficult  to  keep  the  air  of  a  room  below  -07. 
i  precipitate  is  observed  we  know  that  t^e  air 
contain  more  than  '06  per  cent,  and  we  take  a 
Her  bottle,  say  a  9  oz.  bottle,  the  aii  of  which, 
D  shaken  with  -^  oz.  of  lime  water,  gives,  perhaps, 
irecipitate.  We  then  say  the  air  is  worse  than  '06, 
not  worse  than  '07;  accordingly,  the  amount  must 
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roughly  be  "07.  If  we  wish  to  test  the  air  as  expe- 
ditiouslj  as  possible,  and  are  not  particular  to  ascertain 
the  exact  percentage,  we  may  take  a  bottle  of  a  sue 
indicative  of  alternate  hundredths.  Instead  of  taking 
a  9  oz.  bottle  we  may  take  an  8  oz.,  and  treat  8  oz.  of 
air  in  the  same  manner.  If  we  obtain  no  precipitate 
we  know  that  the  air  is  not  worse  than  '08  per  cent 
Having  already  ascertained  that  the  air  is  worse  than 
'06  we  conclude  that  the  air  is  contaminated  with  '07 
or  '08  per  cent  of  carbonic  acid. 

If  no  turbidity  is  occasioned  on  commencing  with 
our  10-^  oz.  bottle,  and  we  would  like  to  know  whether 
the  air  contains  as  much  as  '06  per  cent,  we  must  take 
a  larger  quantity  of  air,  for  example  a  12^  oz.  bottle. 
If,  when  this  quantity  of  air  is  shaken  with  ^  oz.  of 
lime  water,  no  precipitate  is  procured,  we  know  that 
the  air  does  not  possess  more  than  '05  per  cent,  and 
if  a  precipitate  is  occasioned,  we  know  that  '06  per 
cent  is  the  amount 

The  air  to  be  examined  is  best  introduced  into  the 
bottles  by  sucking  out  the  air  already  contained  in  them 
with  a  glass  tube.    Fresh  air  enters  to  supply  the  void 
we  create.     The  greatest  care  should  be  taken  not  to 
breathe  into  the  bottle,  for  our  breath  is  full  of  car- 
bonic acid.     The  bottles  should  be  wide-mouthed,  so 
that  the  sides  can  be  wiped  dry  and  clean.     If  the 
lime  cannot  be  readily  removed,  they  should  be  rinsed 
out  with  strong   hydrochloric   acid,  followed  by  an 
abundance  of  water.     There  is  great  difficulty  in  ob- 
taining bottles  of  exactly  the  capacity  required,  but 
this  could  be  overcome  if  there  was  any  demand  for 
such  measures,  by  the  special  manufacture  of  bottles 
to  hold  accurately  the  quantities  of  air  indicated. 
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Minimeiric  Method. — Thia  method  is  more  accurate, 
id  involving  but  few  tools,  which  can  be  conveniently 
isposed  of  in  one's  pocket,  is  more  bandy.  It  consists 
isentially  in  ascertaining  the  smallest  or  minimum 
mount  of  air  required  to  produce  a  precipitate  of 
iven  density — hence  the  name.  Baiyta  water,  which 
.  very  poisonous,  is  employed,  because  it  is  more  sen- 
tive  than  lime  water.  A  standard  precipitate  is  ob- 
lined  by  shaking  ^  ounce  of  baryta  water  in  a  23  oz. 
ottle  in  pure  air,  which  geuerally  contains  '04  per 
3nt  of  carbonic  acid.  The  liquid  is  turbid  and  still 
ranaluceut,  but  so  that  you  cannot  read  through  it. 
■he  endeavour  is  to  ascertain  the  smallest  amount  of 
le  air  to  be  tested  which  ia  necessary  to  produce  this 
tandard  degree  of  turbidity.  We  t^e  a  bottle  which 
olds  exactly  2^  oz.,  and  place  in  it  ^  oz.  of  baryta 
fater,  having  first  changed  the  air  in  the  bottle  by  a 
)W  strokes  of  the  finger  pump ;  we  then  shake  the  2 
z.  of  air  contained  in  the  bottle  with  the  ^  oz.  of 
aryta  water,  and  count  one. —  Vide  fig.  30, 


7e  then  pump  2  oz.  of  ^  through  the  liquid  and 
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again  shake  violently  and  count  twa     When  the  tu 
bidity  is  such  that  the  words  written  on  the  slip 
paper*  affixed  to  the  outside  of  the  bottle  become  ii 
distinguishable,  we  stop,  and  refer  to  a  table  that  hi 
been  prepared  to  economize  the  labour  of  calculadon. 


VoloBM  of  Cutonie  Add 

Vnmber  of 

in  100  of  air. 

bftUtals 

WUhSoc.       WithAoi. 
balL                UO. 

ofmir. 

1 

'44                             1 

S 

•22 

8 

•14 

4 

•11 

5 

•088 

6 

•074 

7 

•063 

8 

•055 

9 

•049 

10 

•044 

•17 

11 

•040 

16 

12 

•037 

14 

18 

•034 

18 

14 

•032 

12 

15 

•029 

116 

16 

•  •  • 

11 

17 

•  •  • 

10 

18 

•  •  • 

098 

19 

■  •  ■ 

•093 

20 

•088 

21 

•  •• 

-084 

22 

•  •  • 

-08 

23 

•  •  • 

•077 

24 

•  •  • 

•074 

The  i  oz.  ball  enables  us  to  estimate  greater  d^^rees  of 
impurity  than  the  2  oz.  one. 

When  the  air  of  a  place,  which  it  is  wished  to  te 

*  The  words  written  with  a  lead  pencil  on  the  label  must  be  of  ii 
a  depth  of  shade  that  the  turbidity  of  the  standard  liquid  just  prere 
them  fh>m  being  seen. 
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ly  the  -^  oz.  ball  and  bottle. 


lels  close  on  first  entering,  I  \iae  the  2  oz.  bottle,  and 
'  very  close  I  employ  the  \  oz.  ball  and  bottle. 

As  the  silk  valves 
re  rather  liable  to  ■ 
et  out  of  order, 
ispense  vitb  them, 
nd  simply  make  a 
lit  in  the  tube  con- 
lecting  the  ball  and 
■ottle,  which  allows 
f  the  expulsion  of 
ir,  but  prevents  its  in- 
Tess. —  Vide&g.  31.  '"°"' 

A  weak  solution  of  baryta  (1  to  '5  per  cent,  the 
^act  strength  being  unimport- 
nt)  is  employed,  which  is  made 
ly  dissolving  caustic  baryta  in 
listilled  water.  It  must  be 
tored  in  such  a  way  that,  on 
emoving  portions  of  it,  air  un- 
leprived  of  carbon  dioxide  shall 
tot  enter  the  store  bottle. 
rhe  arrangement  here  sketched, 
vhich  is  in  constant  use  in  the 
ioard  of  Health  Laboratory, 
Jlasgow,  and  is  to  be  found  in 
iutton'a  Volumetric  Arialysis,  is 
,  most  convenient  one  for  with-  a.  sun  botti*  eonuiniiig  »ia- 
Irawing  any  quantities  that  are  b.  u"toi^fl"rt"iri^ta^.nw 
equired  of  baryta  water,  or,  in-       "^  pnmtce  itano  raoi»ioned 

,       ,       ,    .,  .1       ,       ...  wdUic«aitfcpol«*h,throogh 

.eed,  of  other  stauuard  solutions,       whioh  iir  pu«  in  ord«  to 
nsuch  a  manner  thatairentering  ^  r'^c^'^Z^'L  ur 
i  freed  from  whatever  body  the       muiiwr  uut  i>  reqoired. 
ontained  solution  is  designed  to  e  b  a  m>^<ndiuavta«w»>. 
xtract  from  it. —  Vide  Sa.  32.     '  cup. 

"  O.  Bod  :oi  KipiKiA  ot^niMAt, 


Fig.  a*. 
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It  will  be  found  very  handy  to  have  a  dozen  ^  oz. 
stoppered  bottles  with  wide  mouths,  and  to  fill  them 
from  this  store  bottle.  It  is  needful  to  cany  a  stop- 
pered and  capped  bottle  of  hydrochloric  acid  to  clean 
the  little  apparatus  after  each  experiment,  before  it  is 
washed  thoroughly  with  water. 

In  the  air  of  a  room  which,  at  first  pure,  is  gradu- 
ally vitiated  by  the  presence  of  persons,  the  smell  of 
organic  matter  begins  to  be  perceptible  to  one  entering 
it  from  the  fresh  air  when  the  carbonic  acid  reaches 
•06  or  '07  per  cent  When  the  carbonic  acid  amounts 
to  '09  or  •!  per  cent,  the  air  is  termed  "close "or 
"  stuffy."  The  foetid  odour  of  organic  matter  becomes 
very  disagreeable  when  the  carbonic  acid  exceeds  '1 
per  cent. 

When  the  carbonic  is  as  much  as  from  '15  to '3  per 
cent,  headache  and  vertigo  are  experienced,  as  the  result 
of  the  vitiation  of  the  air  by  this  gas  and  its  accom- 
panying impurities. 

When  people  speak  of  good  ventilation,  they  mean 

air  with  less  than  "07  per  cent. 

DtUe^ionot       A  rough  and  ready  mode  of  detecting  the  presence 

Sidpiiide,     of  hydrogen  sulphide  in  the  air,  which  is  a  gas  produced 

aS'hili*""  ^^  ^^®  decay  of  organic  matter — for  example,  in  some 

and  '     marshes,  in  sewer  gas,  etc.,  is  by  means  of  acetate  of 

lead  papers. 

Ammonium  sulphide,  which,  with  hydrogen  sul- 
phide, is  a  constituent  of  sewer  gas,  is  detected  by 
nitro-prusside  of  sodium  tests.  Ammonia,  a  product  of 
putrefaction  and  decomposition,  is,  if  in  large  amount, 
observed  by  means  of  logwood  papers. 


Anunonia. 
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CHAPTEE  XXVIII. 

METALLIC  POISONS  : — ARSEKIC,  COPPEB,  AHD  LEAD. 

Copper  and  lead  are  sometimes  found  in  the  air  in  coppw  u 
the  neighbourhood  of  smelting  works,  etc.  The  deter- 
mination of  the  amount  of  these  metala,  which,  when 
difiiiBed  through  the  air,  exercise  injurious  effects  on 
animal  and  v^etable  life,  fall  rather  within  the  BOape 
of  those  legislative  enactmente  that  concern  the  con- 
tamination of  the  air  by  manufactories,  such  as  the 
Alkali  Act  of  1863,  under  which  scientific  chemista 
are  appointed  as  inspectors.  The  human  system  ituelf, 
when  continually  exposed  to  the  poisonous  influences  of 
copper  and  lead,  afTords  an  excellent  test  of  an  exposure 
to  an  injurious  amount  in  the  case  of  those  who  work 
with  these  metals,  such  for  instance  as  miners  in  copper 
mines,  or  painters.  The  effects  on  the  body  of  Uiese 
metals,  even  in  the  smallest  doses,  are  so  well  known  to 
every  physician,  that  he  requires  but  little  chemical 
aid. 

It  is  different  in  the  case  of  arsenic,  for  the  effects 
of  the  metal  give  rise  in  minute  doses  to  such  obscure 
and  incomprehensible  symptoms,  of  such  great  variety, 
ibat  they  often  cannot  be  assigned  to  their  rightful 
cause  without  chemical  assistance. 

A  description  of  the  several  poisonous  colours  used 
to  tint  the  cheeks,  the  hair,  etc.,  to  avert  the  appearance 
of  old  age  and  to  dye  articles  of  wearing  apparal,  vrill 
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not  fall  within  the  province  of  this  work,  because  thej 
exert  their  poisonous  effects  by  coming  into  contact 
with  the  skin.  Arsenic,  mercury,  lead  in  the  fonn  of 
magenta,  coraline,^  and  other  of  the  new  dyes,  are  some 
of  the  most  common  poisons  thus  used. 

The  receipt  of  injuiy  from  the  poisoning  of  the  air 
by  burning  arsenical  tapers,  so  rarely  happens,  that  ve 
need  scarcely  delay  to  consider  it. 
AiMoioia  Instances  of  the  terrible  suffering,  miseiy,  and  even 

wiupapen.  jeath,  that  have  occurred  from  the  use  of  arsenical  waU 
papers,  from  the  preparation  for  sale  of  feathers,  artificial 
flowers,  leaves,  fruit,  etc.,  swarm  in  medical  publication 
The  poisonous  greens,  such  as  Scheele's,  Schweinfnitii'fl; 
Brunswick,  Emerald,  Paris,  which  are  all  confoundad 
together  by  work  people,  are  used  in  enormous  quanti- 
ties, partly  because  they  are  very  attractive  in  appea^ 
ance  and  partly  because  they  are  cheap.  Not  less  than 
700  tons  of  these  deadly  greens  are  consumed  in  trade 
annually  in  this  country.  Many  wall  papers  that  are  not 
green  are  loaded  with  arsenic,  especially  pcde  or  white 
drawing-room  papers,  with  an  enamelled  or  opal  white 
ground,  which  have  yielded  15  to  25  grains  of  aisenie 
per  square  foot.  Mr.  Wigner,  on  recently  examining 
samples  of  aU  the  papers  in  a  ten-roomed  house,  none 
of  which  were  green,  discovered  that  five  of  them  con- 
tained arsenic  in  such  quantity  as  to  be  injurious  to 
health. 

The  medical  officer  of  health,  in  his  inquiries  after 
the  causes  of  vague  and  obscure  forms  of  illness,  may 
often  have  occasion  to  examine  the  air  of  rooms 
poisoned  by  arsenic  papers  and  furnishing  materials 

*  Bulletin  de  VAcademie  ImperiaU  de  Medicine^   FebniAiy  vui 
March  1869. 
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he  public  will  not  ui^sqaently  bring  him  portions  (tf 
'aU  paper  with  which  their  rooms  are  adorned,  in  order 
lat  he  may  examine  them  and  expresa  an  opinion  there- 
0.  It  ie  as  well,  therefore,  for  him  to  be  acquainted  with 
simple  means  of  testing  foi  arsenic,  not  only  to  aid 
im  in  his  own  investigations,  but  to  assist  the  public 
ad  their  medical  attendants.  If  it  is  wished  to  aacet^ 
un  whether  a  paper  does  or  does  not  contain  arsenic, 
le  paper  is  scraped  with  a  pen-knife,  and  the  dust 
lat  is  removed  is  tested.  If  we  desire  to  find  ont 
'hetbei  particles  of  dust  have  detached  themselves 
nm  the  paper,  and  poisoned  the  air  of  the  room,  the 
U8t  that  lies  on  the  articles  of  furniture  may  be 
allected  for  examination.  The  dust  of  the  paper,  in 
'hatever  way  obtained,  is  mixed  with  an  equal  bulk 
f  bicarbonate  of  soda  (dried  over  a  spirit  lamp)  and 
little  powdered  cbarcoaL  The  mixture  is  placed  in 
dry  test  tube  and  heated.  If  arsenic  is  present,  the 
horactenstic  odour 
f  garlic  is  perceived, 
ad  a  mirror  of  me- 
lUio  arsenic  is  ob- 
liued  as  a  ring  on  i 
be  sides  of  the  tube, 
f  the  teat  tube  is 
uga,  so  as  t«  allow 
f  free  access  of  air, 
ctahedral  crystals  of  «»  w- 

reeniooH  acid,  easily  recognised  by  the  microscope,  will 
Q  found  instead  of  the  mirror.  Seinsch's  test  may 
e  employed  to  show  the  presence  of  arsenite  of  copper 
1  a  paper.  The  paper  having  been  soaked  in  a  solution 
f  ammonia,  which  wiU  dissolve  the  aisenite  of  copper 
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will  be  deposited  i 


fonoing  «  Une  liquid,  is  acidified  vith  hrdiodilaDe 
acid  snd  then  boiled  in  •  tot 
tabe  with  one  or  rwo  strips  of 
brilliant  nnianished  copper. 
The  coppv  is  w^hed,  dried  on 
I  filur  paper,  and  heated  in  ■ 
small  test  tube  over  a  BnnaeD'a 
burner  or  spirit  lunp,  wha 
arsenioos  acid  in  octahednl 
ciTStalj,  readily  diagnosed  I7 
the  microscope  (ride  Fig.  34), 
I  the  cool  part  of  the  tabe,  if  the 
paper  contains  arsenic 

Or  the  green  colouring  matter  may  be  scraped  off   j 
the  paper  and  dissolved  in  pore  hydrochloric  acid  and 

water,  and  examined  I 
by  Marsh's  test 
Granulated  zinc,  Of 
zinc  foil  infragmoitB, 
are  introduced  intoi 
flask  with  some  wattf, 
and  a  little  pure  nl- 
phuric  acid  is  poond 
down  the  funnel  A 
few  minutes  should 
be  allowed  to  ekipae 
for  the  removal  of 
all  the  air  &om  Hm 
flask.  The  gas  evol- 
^^  ved  should  then  be 
collected  in  a  test 
tube,  and  a  lighted 
■ot  match  be  applied  to 
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be  to  aacertain  whether  a  mixtnie  of  hydrogen 
mospheric  aii  is  eecaping,  or  Thethet  hydrogen 
le  given  oft  If  air  Ib  still  being  expelled  from 
paratus  the  gas  in  the  test  tube  on  being  lighted 
tplode  harmlessly.  The  gas  escapii^  at  the  jet 
.  OD  DO  account  be  ignited  until  two  or  three  of 
trials  have  been  made.     When  the  gas  collected 

test  tube  does  not  explode,  it  is  safe  to  light  the 
Having  ascertained  the  purity  of  the  chemicals 
^ed,  by  depressing  a  piece  of  porcelain  on  the 
the  solution  of  the  green  colouring  matter  may 
ssed  down  the  tube  funnel  and  the  flame  again 
If  it  consists  of  arsenic  there  will  be  a  dark 

of  arsenic  deposited  on  the  porcelain, 
it  is  wished  to  aacertain  the  amount  of  arsenious 
ihe  common  white  arsenic  of  commerce)  contained 
paper,  a  rough  estimate  may  be  easily  formed. 

pattern  of  the  paper  consiste  of  groups  of  green 
,  as  is  often  the  case,  scrape  ofT  all  the  green 
te  &om  a  single  leaf  and  weigh  it  The  number 
res  in  each  square  foot  of  surface  of  the  paper 
I  been  counted,  and  the  dimensions  of  the  room 
r  been  taken,  the  number  of  leaves  in  the  room 
ly  ascertained.  If  the  green  colouring  matter  is 
y  distributed  over  the  surface  of  the  paper  a 
:  inch  of  the  paper  should  be  operated  on  in 
of  a  single  leaf.  A  measurement  of  the  room 
«dily  give  the  number  of  square  inches  of  surface, 
r  three  green  leaves  of  a  wall  paper  were  recently 
o  me  with  the  request  that  I  would  ascertain 
er  the  green  pigment  contained  arsenic,  and,  if  so, 
lantity  of  the  same.  It  had  been  estimated  by  the 
aDtthattheiewereabout22,8001eaveaintherocan. 
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An  the  green  oolonr  lumi^  been  scraped  off  firam 
a  single  leaf,  by  the  help  of  a  penknife,  was  foond  ta 
weigh  16  milligrammes. 

AiMnite  of  Copper.  Anenioos  Add. 

2  Co.  O^  H  O.,  Aa.  O,  Afl,  Q, 

376         :  16  :  : 


1188 
198 


375  I  3168  I  8 
)  3000  I 

To  convert  the  8  milligrammes  of  arsenions  add  into 
fractions  of  a  grain,  a  weight  that  is  more  leadOj 
understood  by  the  public,  it  is  simply  necessarjr  tof 
multiply  by  15*5  and  divide  by  1000. 

MiUignm.  Milligram.         On.  in  1  gramme. 

1000  :     8  :     :     16-5 

8 


1000)124*0(124 

Ans.  One  leaf  contains  '124  of  a  grain,  which  u 
equivalent  to  124  grains  of  white  arsenic  in  evoy 
1000  leaves,  or  nearly  6  ounces  in  the  room. 

It  is  always  wise  to  perform  a  blank  experiment^  in 
order  to  be  perfectly  certain  that  the  chemicals  on- 
ployed  are  quite  free  from  the  metaL 

Some  wall  papers  contain  compounds  of  lead  and 
copper  (non-arsenical),  but,  although  their  employmeofr 
is  imdesirable,  we  have  but  little  evidence  at  present 
which  would  forbid  their  use. 


OZONOUXTST — INDIRBOT  METHOD. 


INDIRECT  METBOD. 


CHAPTER   XXIX. 

OZONOMETRT. 

The  wliole  sabject  ib  so  vast  that  it  ia  extremely  oi 
difficult  to  knov  how  to  concentrate  it  without  omit- 
tiDg  salient  points  of  great  interest 

r  Ozone  15  amdenaed  oxygen,  oi  a  very  active,  lively, 
and  energetic  fonn  of  this  life-giving  gas.  Its  object 
in  nature  is  to  destroy,  or,  to  speak  more  correctly,  to 
render  harmlese  by  oxidation  all  offensive  noxious 
prodaots  that,  if  permitted  to  accumulate,  would  pro- 
duce disease  and  kill  lif& 

Take,  for  example,  a  little  blood,  and  keep  it  in  a 
warm  place  for  months,  imtil  it  putrefies.  "When  the 
odour  is  something  horrible,  sufficient  indeed  to  create 
nausea,  or  sicknesa,  send  a  stream  of  ozone  over  it,  and  * 
its  freshness,  purity,  and  sweetness,  will  be  restored. 
Neither  ozone  nor  the  other  air  purifiers  are  to  be  found 
in  the  air  of  unventilated  inhabited  rooms  or  hospitals 
unless  the  windows  are  open,  being  speedily  used  up, 
and  not  replaced  as  they  should  be  by  the  admission  of 
fresh  air,  which  nearly  always  contains  them  in  greater 
or  less  quantity. 

Ozone  can  be  prepared  in  a  great  variety  of  ways. 
It  is  perhaps  most  conveniently  made  by  mixing  three 
parts  of  sulphuric  acid  with  two  parts  of  permanganate 
of  potash.    This  mixture  wHl  continue  to  give  off  ozone 
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for  seyeial  months.     It  is  associated  in  the  air  with 
other  purifying  agents^  such  as  peroxide  of  hydrogen 
and  acids  of  nitrogen.    Peroxide  of  hydrogen,  called  also 
oxygenated  water,  is  produced  by  a  combination  of  the 
oxygen  of  the  air  with  water.     It  is  found  sometimes  in 
rain  and  snow.    It  also  is  a  powerful  oxidizing  agent,  for 
it  very  freely  parts  with  its  excess  of  oxygen.    Its  oxidii- 
ing  powers  render  it  useful  for  bleaching,  as  it  attacks 
vegetable  colours  vigorously.     Yoimg  ladies  used  to 
purchase  it  for  bleaching  their  hair,  under  the  name  of 
''auricomus,"  when  it  was  the  fashion  for  eveiy  one  to  ex- 
hibit flaxen  locks.     It  so  readily  parts  with  its  OTjgeok 
that  a  temperature  of  68T.  is  sufficient  to  disengage  it, 
the  warmth  of  the  hand  to  the  bottle  which  holds  it 
being  often  dangerous.    Nitrous  acid  is  a  product  of  the 
thimderstorm,  and  is  produced  whenever  an  electric 
spark  passes  through  air.     It  is  one  of  the  most  valu- 
able gaseous  disinfectants  and  deodorizers  known.    It 
acts  most  energetically  on  organic  impurities,  removing 
the  impleasant  odours  of  the  dead-house  moro  readflj 
(so  it  is  said)  than  any  other  gas.     This  rapid  action 
arises  from  the  facility  with  which  it  gives  up  its 
oxygen.     For  deodorizing   purposes,  it   is    made  by 
mixing  nitric  acid  and  water  with  copper  turnings.   It 
is  used  more  on  the  continent  thsm  in  this  country* 
The  amount  of  ozone,  peroxide  of  hydrogen,  and  nitrons 
acid,  which  are  all  powerful  air  purifiers,  aro  measured 
by  exposing  to  the  air  paper  dipped  in  a  solution  of 
iodide  of  potassium.     They  all  have  the  property  of 
breaking  up  this  salt  and  setting  free  the  iodine,  which 
gives  the  paper  a  reddish  brown  colour,  of  greater  or 
less  depth,  according  to  the  amount  of  these  disinfec^ 
tants  present  in  the  air  during  the  time  of  its  exposure. 
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Sometimes,  instead  of  all  tbe  iodine  being  set  free,  some 
of  it  goes  to  form  a  higher  oxide  of  potassium,  called 
the  iodate  which  is  a  colourlesa  salt  It  is  therefore 
always  necessary  to  spray  tiiese  tests  after  exposure 
with  a  solutioD  of  tartaric  acid  which  sets  &ee  the 
iodine  from  the  iodate,  but  does  not  interfere  with  the 
unacted  upon  iodide  of  potassium.  We  are  then  sure 
of  obtaining  all  of  the  iodine  set  at  liberty  by  the  air 
purifiers.  If  we  wish  to  ascertain  the  amount  of  ozone 
present  in  the  air  to  tiie  exclusion  of  the  other  air 
puhfieis,  we  employ  a  pf^er  which  ia  alone  acted  upon 
by  ozone,  such  as  the  iodized  litmus  paper.  WiUi 
this  test  we  do  not  (ake  any  notice  of  the  amount  of 
iodine  set  free,  but  we  observe  the  amount  of 
potash  formed  by  the  union  of  the  ozone  with  the 
potassium.  Potash,  being  an  alkali,  of  course  has  the 
property  of  turning  red  litmus  blue,  whilst  an  acid 
turns  blue  litmus  of  a  red  colour.  The  greater  or  less 
conversion  of  the  red  litmus  into  blue,  shows  a  greater 
or  less  quantity  of  ozone  in  the  air. 

Scales  have  been  prepared  for  estimating  the  depth 
of  colour  of  the  iodine  papers  in  testing  the  amount 
of  the  three  air  purifiers,  and  of  the  iodized  litmus 
papers  for  showing  the  amount  of  ozon& 

It  was  formerly  the  practice  to  employ  starch  tests,  i«ii"4 
which  are  composed  of  a  mixture  of  iodide  of  potassium  thu. 
and  boiled  starch,  which  became  blue  on  exposure  to 
the  air  &om  the  formation  of  the  blue  iodide  of  starch. 
There  are  many  different  kinds,  which  may  be  looked 
upon  now  as  curiosities ;  for  example,  Schonbein's, 
Lowe's,  Jame  de  Sedan's,  Lender's,  Mofilht's,  etc.  They 
are  all  more  or  less  disposed  to  play  mad  pranks ;  now 
they  colour,  then  they  bleach ;  sometimes  they  tint  in 
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a  mnfomi  mamier ;  at  other  tmies  thejbeocniie  mnked 
with  lines  like  a  Scotch  plaid,  <R'  with  spots ;  whilflt 
thej  veiT  freqiientlT  fade  Hence  the  records  of  ob- 
senratioiiB  appear  most  oontnidictoiT,  fonning  a  maas 
of  almost  inextricable  confdsioiL  In  support  <rf  this 
assertion,  the  opinicHis  of  a  few  who  haTe  made  onne 
a  sabject  ol  study  may  be  quoted : — 

''At  the  present  time  the  modes  of  d^enmniog 
oame,  and  the  tests  f<R'  ozone  in  the  extemal  air  are 
veny  nnsatisfactoiy" — Dr,  Bidmrdsatu 

"  The  greater  part  of  the  countless  observations  on 
the  amount  of  ozone  in  the  air  are  worthlesa" — 
Professor  HeatatL 

''The  determinations  which  have  hitherto  been 
made  are  very  vague  and  unsatisfactoiy." — Dr. 
WetherUl 

"  Tests  prepared  from  the  same  recipe,  by  different 
persons,  give  varied  results." — Boehm. 

"  If  we  expose  the  tests  of  Schonbein  and  Mo&t 
together  we  do  not  get  the  same  result,  and  even  tests 
made  by  the  same  persons  at  two  different  times  irill 
not  read  alike." — Mr.  Laive,  of  Nottingham. 

"  All  the  methods  employed  are  more  or  less  de 
fective." — Dr.  ScoreAy-Jojckson. 

''Until  more  certain  means  are  discovered  for 
estimating  ozone,  present  observations  must  be  received 
with  great  caution." — Davies. 

**  The  estimation  of  ozone  is  in  a  very  unsatisfiM^ 
tory  state.  The  great  imperfection  in  the  tests  makes 
it  desirable  to  avoid  all  conclusions  at  present" — 
Professor  Parkes. 

"No  clear  and  consistent  results  have  yet  been 
obtained.     Variations  of  light,  wind,  time,  and  pqper, 
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may  cause  diangea  attributed  only  to  ozone,  and  there 
are  no  reliable  means  of  checking  them." — Admiral 
FitsToy. 

"  STo  trustworthy  observations  on  ozone  are  made  in 
the  United  States  of  Americsa." — Dr.  Henry,  of  the 
SmWitonian  Institution. 

These  views  refer  to  the  antiquated  practice  of 
estimating  atmospheric  ozone  with  the  iodized  starch 
test,  by  snspensiott  in  a  cage  or  box,  and  subsequent 
comparison  with  a  scale  containing  gradations  of 
colour. 

The  exposure  of  any  kind  of  test  papers  in  c^ea 
is  a  most  fallacious  mode  of  observation,  for  they  are 
measurers  of  the  velocity  of  the  wind,  and  may  be 
called  anemometers  rather  than  ozonometets.  The 
h^her  the  wind  the  deeper  the  colours  they  assume, 
for  the   simple  reason   that  more  air    passes  over 

There  ie  a  special  ftillacy  attendant  on  the  employ- 
moit  of  starch  tests  in  ozonometry,  because  Uiere  is 
every  reason  to  believe  that  the  iodide  of  starch  is  not 
s  true  chemical  compound.  M.  Quclaux  declares  that 
its  formation  is  purely  physical,  and  results  &om  the 
adhesion  of  the  molecules  of  its  constituents.  It 
appears  that  U.  Fersonne  and  M.  Goichard  expressed 
the  same  opinion  some  years  ^o.  The  latter  chemist, 
who  examined  the  iodide  of  starch  by  the  aid  of  the 
dialyser,  writes — "  The  so-called  iodide  of  starch  is 
nmply  starch  tinted  with  iodine."  Watts  considers 
that  "  the  Hue  coloration  is  due  to  the  formation  of  a 
loose  combination  of  starch  and  iodine,  or  perhaps  to 
the  mere  mechanical  precipitation  of  the  iodise  upon 
the  starch."     The  various  circamstaaces  which  affect 
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and  modify  tlie  colonr  of  the  iodide  of  starch  ha^e 
been  pointed  ont  by  Gmelin.* 

Then,  again,  all  of  the  iodine  set  free  in  the  starch 
test  does  not  sometimes  combine  with  the  stazcL 
Some  of  the  iodine  set  bee  occasionally  foims  a  cQlour- 
less  iodate  It  is,  moreover,  veiy  difiBcult  to  obtain 
pure  starch,  and  samples  of  the  same  kind  of  staith 
often  vaiy  much  in  strengtL  The  errors  associated 
with  the  employment  of  iodide  of  starch  tests  are  indeed 
legion. 

Notwithstanding  the  existence  of  these  irremedi- 
able defects  inherent  to  the  employment  of  iodide  of 
starch  in  atmospheric  ozonometry,  which  were  brought 
by  me  before  the  scientific  world  in  a  prominent 
manner  three  or  four  years  ago,  the  officials  at  the 
Montsouris  Observatory  have  been  throwing  away 
their  time  and  labour  by  employing  cotton  wool  im- 
pregnated with  iodide  of  potassium  and  starcL  They 
have  at  length,  it  seems,  discovered  that  what  I  told 
them  years  ago  is  but  too  true — namely,  that  the 
iodide  of  starch  test  is  wholly  unreliable.  M.  Marie- 
Davy  writes : — "  La  difficult^  de  la  methode  conaiste 
en  ce  que  Tiodure  d'amidon  manque  de  stability,  qu*il 
se  d<^colore  k  Fair,  et  qu'en  pnisence  de  la  potasse 
formc^'e  une  partie  de  Tiode  mis  en  liberty  pent  se 
transformer  en  iodate.  D'lm  autre  c6t6,  Tamidon 
s'altdre  au  contact  de  Tair  et  des  produits  pyrog^^ 
qu'on  rencontre  toujours  dans  Tatmosph^re  des  grandes 
villes."  They  have  now  forsaken  this  imtrustworthy 
iodide  of  starch  reaction,  and  estimate  the  quantity  of 
oxygen  employed  in  the  conversion  of  an  arsenite  into 
an  arsenate,  and  efforts  have  been  made  to  bolster  up 

*  ffandbook  of  Chemistry,  xy.  97  (German  edition). 
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the  belief  in  the  etarch  teats  of  Schonbein,  by  m airing 
it  appear  that  Schbnbein's  starch  tests — plus  certain 
corrections  of  their  own — agree  in  their  indications 
'with  the  results  determined  by  the  oxidation  of  an 
aisenite.  Having  had  snch  an  immense  experience 
vith  starch  tests,  my  intimate  acquaintance  with  their 
comic  behaviour  would  incline  me  to  think  that  if 
there  is  any  harmony  between  them  and  the  process 
with  the  compound  of  arsenic,  the  latter  must  be 
worthless  also. 

According  to  the  most  approved  recent  mode  of 
observing  ozone,  and  of  estimating  the  amount  of  the 
air  purifiers  (ozone,  peroxide  of  hydrogen,  and  nitrous 
acid),  it  is  necessary  to  pass  a  Itmown  quantity  of  air 
over  test  papers  of  two  different  tdnds  at  a  kTtown  and 
unvarying  velocity  by  means  of  aspirators,  of  which 
there  is  a  great  variety,  such  as  Mitchell's  aspirator, 
the  tube  aspirator,  Dancei^s  aspirator,  the  injection 
aspirator,  Andrews'  aspirator,  the  Montsouris  aspirator, 
and  tbe  clockwork  fan  aspirator.  The  test  papers  are 
exposed  in  a  box  of  a  peculiar  form,  where  they  are 
protected  from  dust,  light,  and  moisture. 

It  would  be  impossible  to  give  the  reader  in  this 
handbook  an  adequate  description  of  the  mode  in 
which  ozone  and  the  other  air  purifiere  should  be  esti- 
mated. The  fullest  information  as  to  how  these  bodies 
should  be  observed  has  already  been  published  by  me 
in  my  work  on  Ozone  and  Antozone  in  which  it 
occupies  136  pages.  The  errors  associated  witli  the  man 
old  ozonometric  method  of  exposii^  starch  tests  mayou^ 
be  here  summarized. 

1.  Impurity  of  chemicals  )  employed   in  the  manu- 

2.  u  „   paper  f      facture  of  the  tests. 
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3.  Fonnation  of  the  iodate  of  potasL 

4.  Non-union  with  the  starch  of  the  whole  of  the 

liberated  iodina 

5.  Changes  in  the  force  of  the  wind. 

6.  Bleaching  and  fading  of  coloured  tests  from — 

A.  Formation  of  the  iodate  of  potash. 

B.  Excess  of  moisture  in  the  air. 

» 

C.  A  high  temperature  of     „ 

D.  A  great  velocity  of  „ 
R  A  long  exposure  to 
F.  Sulphurous  acid  in 

7.  light 

8.  Ozonometers  ( =   chromatic  scales)  faidty  in  con- 

struction. 

9.  Differences  of  aspect  and  elevation. 

I  must  refer  to  that  work  for  the  blue  and  red 
chromatic  scales,  the  ozone  register  and  diagram,  which 
in  like  manner  cannot  possibly  be  copied  into  this 
publication.  After  a  thoroughly  accurate  estimation 
of  the  amoimt  of  ozone  present  in  the  pure  air  of 
different  climates,  and  during  the  various  atmospheric 
changes  of  each  climate,  we  shall  be  in  a  position  to 
attempt  an  elucidation  of  the  following  and  many 
other  questions  which  are  of  immense  interest  and 
importance  to  the  human  race : — 

1.  What  are  aU  the  sources  of  atmospheric  ozone  ? 

2.  How  is  it  formed^  and  in  what  circumstances  does 

it  arise  ? 

3.  What  is  its  precise  action  on  animals  and  plants? 

4.  Has  an  excess  or  deficiency  of  ozone  any  effect  on 

the  public  health  ? 

5.  If  so,  what  is  the  nature  of  that  influence  ? 
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6.  What  is  the  effect  of  the  preaence  of  epidemica  on 

its  amount,  as  calculated  by  the  improved  ozono- 
metric  method  ? 

7.  Does  ozone  oxidize  one  only,  or  all  of  the  different 

kinds  of  organic  matter  found  in  the  aii  1 
The  elucidation  of  that  very  interesting  mystery 
respecting  the  supposed  relationship  between  an  excess 
of  atm(»pheric  ozone  and  an  epidemic  of  influenza  ia 
one  which  demands  special  attention,  because  of  the 
fact  that  an  excess  of  ozone  artificially  prepared  will 
originate  a  catarrh.  As  an  outbreak  of  this  disease 
baa  not  occurred  since  1847,  it  seems  probable,  Irom 
the  experience  of  tbe  past,  that  no  long  time  will 
elapse  before  an  opportunity  will  be  afforded. 
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PART  m. 

SKETCH  OF  BELATION  BETWEEN  CERTAIN  IfETEOROLOGI- 
CAL  VARIATIONS  IN  THE  CONDITION  OF  THE  ASM, 
AND  STATES  OF  HEALTH  AND  DISEASE. 

In  the  consideration  of  "  all  influences  affecting,  or 
threatening  to  affect,  the  public  health  within  his  dis- 
trict/' the  medical  officer  of  health  should  not  neglect 
observations  on  those  climatic  and  topographical  peca- 
liarities  which  are  likely  to  exert  any  action  on  healtL 
The  variations  in  the  temperature,  humidity,  pressuwi 
and  electric  state  of  the  atmosphere,  as  well  as  the 
effects  of  these  changes  on  the  moral  smd  physical  con- 
dition of  nations  and  individuals,  form  a  most  exten- 
sive field  of  study,  and  one,  moreover,  of  the  highest 
possible  interest.  The  influence  of  climate  on  the  sani- 
tary condition  of  all  animals,  and  especially  of  the 
most  highly  organized  being  in  the  scale  of  creation, 
has  occupied  for  more  than  2000  years,  and  still 
engages,  the  attention  of  scientific  men.  The  gieat 
subject  of  weather  and  disease  has  been  worked  at 
ever  since  the  times  of  Pythagoras,  whose  doctrines 
were  supported  by  Hippocrates,*  the  father  of  medi- 
cine. These  distinguished  philosophers  divided  nature 
into  four  qualities — ^viz.  cold  and  wannth,  drjmess  and 
moisture.     They  considered  cold  with  moisture  to  be 

•   Vide  **Tepi  aepttftf,  vdarvw,  Torwf.** 
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hurtful,   aod  warmth   with   dryness   to    be  beneficial 
qualities. 

The  three  following  rules  have  long  been  accepted 
by  the  few,  and  unrecognised  by  the  mauy,  for  hun- 
dreds of  years ; — 

1.  A  pretematurally  dry  air,  with  a  high  tempera- 
ture, predisposes  to  the  development  of  fevers  and 
inteatiual  disorders. 

2.  A  very  moist  atmosphere,  accompanied  by  a  low 
temperature,  is  apt  to  induce  bronchial  and  rheumatic 
affections. 

3.  A  very  dry  atmosphere,  when  associated  with  a 
low  temperature,  has  a  tendency  to  excite  infiamma- 
tions  of  the  respiratory  organs. 

The  labour  of  the  past  has  borne,  however,  but 
little  fruit.  With  our  present  improved  means  of 
meteorological  observation,  a  fresh  impetus  has  been 
given  to  this  pursuit,  especially  in  connection  with  our 
increased  knowledge  of  the  influences  of  the  seasons 
on,  and  the  physiological  changes  in,  the  human  body. 
That  a  certain  amount  of  disease  can  be  prevented  by 
guarding  against  many  of  the  effects  of  changes  of 
climate  is  indubitable. 

It  will  be  useful  to  consider :  first,  the  effects  of 
differences  of  temperature,  moisture,  and  barometric 
preasure,  direction  of  the  wind,  etc.,  on  health ;  and, 
taxmdly,  the  meteorolc^cal  conditions  which  appear  to 
favour  or  retard  the  development  of  those  diseases  that 
seem  to  be  influenced  most  by  climatic  variations. 
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CHAPTER    XXX. 

1. THE  INFLUEXCE  OF   DIFFERENCES   OF   TEMPERATUBE, 

MOISTURE,     AND    BAROMETRIC    PRESSURE    OP    TBI 
AIR,  DIRECTION  OF  THE  WIND,  ETC.,  ON  HEALTH. 

A.  The  Temperature  of  the  Air. 

TheTem-  The  following  dicta  may  be  r^arded  as  aphorifflDs: 

t^Air.  Ill  summer,  during  which  season  there  is  a  tendency 

to  intestinal  affections,  a  rise  of  mean   temperature 

alK)ve  the  average  increases  the  number  of  cases  and 

the  mortality  from  them. 

In  vnnter,  during  which  season  there  is  a  predispo- 
sition to  lung  diseases,  a  fall  of  mean  temperatnie 
below  the  average  increases  the  number  of  cases  of, 
and  the  mortality  from,  these  affections. 

When  the  temperature  in  London  falls  from  45**  to 
27°,  the  Itcgistrar-General  calculates  that  about  400 
persons  perish  of  bronchitis. 

The  valuable  reports  of  the  Registrar-Greneral  con- 
tain much  information  as  to  the  connection  of  mortal- 
ity from  various  diseases  with  temperature.  As  his 
reports  are  quite  accessible  to  sanitarians,  I  shall  not 
make  any  further  quotation  from  his  calculations. 

Dr.  Ballard  concludes,*  from  a  comparative  study  of 
tlie  meteorological  observations  made  at  Greenwich  for 


•  11 


On  the  influence  of  some  of  the  more  important  elements  of 
weather  upon  the  absolute  amount  of  sickness." — British  Medical 
Journal,  June  12,  1869. 
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e  six  years  from  1860-65,  and  on  the  amount  of  paro- 
ial  sickness  in  the  parish  of  Islington  and  in  two  Urge 
itropolitan  dispensaries,  and  in  the  Pentouville  coc- 
it  prison,  that — (1.)  "  Comparative  w&rm  weather  is 
ire  deleterious  to  public  health  in  Uie  colder  than  in 
B  wanner  half  of  the  year,"  which  is  certainly  opposed 

the  general  opinion;  (2.)  In  tiie  cddrr  months  of 
3  year  the  mean  temperature  is,  on  the  whole,  much 
>re  important  as  a  condition  determining  the  absolute 
antity  of  sickness  than  the  extent  of  the  diurnal 
]ge,  and  that,  in  these  months,  the  higher  the  mean 
iiperature  the  more  important  is  the  influence  of  the  ■ 
°g6;  (3-)  In  these  colder  months  a  low  range  is 
>re  injurious  to  public  health  than  a  high  range, 
lether  the  mean  temperature  be  comparatively  high 

comparatively  low,  which  is  a  conclusion  contraiy 

the  received  opinion  that  an  equable  temperature  is 
3  most  favourable  to  health ;  (4.)  That  in  Uie  vxirmer 
mtbs  of  the  year  the  diurnal  range  of  temperature  is, 

the  whole,  more  important  as  a  condition  determin- 
;  the  absolute  quantity  of  sickness  than  the  mean 
nperature ;  and  (5.)  That,  in  these  warmer  months, 
high  diurnal  range  of  temperature  is  much  more 
jnrious  to  public  health  than  a  low  range. 

The  very  sensible  discomfort  and  illness  in  some, 
Inced  by  sudden  and  extreme  ranges  of  temperature) 
ut  often  press  itself  on  the  notice  of  the  health 
icer.  The  healthy  body  in  the  prime  of  life  shows 
wonderful  ability  to  adapt  iteelf  to  extraordinary 
3ges  of  temperature,  even  to  differences  of  as  much 

72  degrees.  The  very  young,  the  aged,  the  feeble, 
3  sickly  and  diseased,  are  generally  more  or  less  dis- 
rbed  by  the  sodden  variations  of  our  fickle  climate. 
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and  it  is  sometimes  found  almost  impossible  to  pro- 
vide against  the  rapid  alternations  of  heat  and  odd, 
moisture  and  dryness,  etc.,  with  suitable  clothing. 

As  regards  the  climate  of  this  country  it  has  been 
recommended  :* — 

1.  That  no  child  too  young  to  walk  or  run  should  be 

taken  out  of  doors  when  the  external  tempera- 
ture is  below  5  0**  F. ; 

2.  That  the  rooms  in  which  children  live  and  sleep 

should  never  be  below  58**  F. ;  and 

3.  That  the  dayroom  should  be  three  or  four  d^rees 

warmer  than  the  bedroom. 

The  relation  between  certain  varieties  of  coup  de 
soleil  or  heat  apoplexy,  as  well  as  other  affections,  and 
the  indications  of  solar  and  terrestrial  radiation  the^ 
mometers,  is  a  subject  that,  if  worked  at,  will  probably 
yield  valuable  results. 

B.   The  Hygrometric  state  of  the  Air. 

The  Whilst  the  air  is  never  without  some  moisture,  the 

S^aST  ^  amount  present  in  the  air  is  largely  due  to  its  tem- 
perature. The  capacity  for  retaining  moisture  in  an 
invisible  gaseous  form  is  greater  when  the  temperature 
is  high  than  when  it  is  low.     For  example : — 

Air  of  a  temperature  of  56**  D.  B.,  and  60**  W.  B.,  containfl  3*4 

grains  of  vapour  per  cubic  foot ;  and 
Air  of  a  temperature  of  86**  D.  B.,  and  80**  W.  B.,  containa  d** 

grains  of  vapour  per  cubic  foot. 

The  aching  of  rheumatic  joints  and  of  corns,  the 

♦  "The  effect  of  cold  on  children."— -»nWs*  Medical  JowrnA 
December  25,  1875. 
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eztraoidinaiy  noises  that  eometimes  proceed  from  chairs 
and  tables,  and  the  conditioa  of  certain  epithelial  struc- 
tures, such  as  the  hair  and  skiii,  are  often  signs  to  the 
public  of  the  approach  of  rain,  all  being  the  result  of 
an  excess  of  humidity  in  the  air,  due  to  the  great  alter- 
ations in  size  'which  fibrous,  epithelial,  and  ligneous 
bodies  undergo  by  the  addition  or  subtraction  of  moist- 
lire.  How  cleverly  did  the  great  Jenner  embody  in 
a  few  lines  of  verse  "  On  the  Signs  of  Bain,"  the  effects 
of  this  atmospheric  change. 

"  Hark  !  how  the  chuis  and  tables  ciack, 
Old  Betty's  joints  ate  oa  the  Tack." 

The  decrease  of  the  pressure  of  the  air  which  gene- 
rally accompanies  an  excessive  hygrometric  condition 
has  doubtless,  however,  much  to  do  with  the  painful 
condition  of  that  old  lady's  joints.  We  know  but 
little  of  the  influences  of  varying  degrees  of  humidity 
of  the  air  on  animal  life.  It  is  tmquestionable  that  an 
excess  or  deficiency  of  the  normal  amount  of  moisture 
in  the  air  exerts  a  very  decided  action  on  the  state 
of  the  public  health.  People  in  health  merely  feel 
slightly  depressed  when  the  air  is  rather  damp,  and 
somewhat  irritable  when  it  is  unusually  dry,  but  to 
invalids  even  a  change  of  two  or  three  per  cent  in  the 
humidity  is  perceptible.  An  excess  is  the  more  pre- 
judicial, because  aqueous  vapour  possesses  a  powerful 
affinity  for  organic  matter,  and  serves  both  to  preserve 
and  diffuse  it.  We  all  of  us  have  frequently  experi- 
enced the  enervating  effects  of  fogs  and  mists,  and  the 
return  of  our  usual  mental  and  bodily  vigour  on  their 
removal  When  we  remember  that  all  depressing  agents 
predispose  to  disease,  the  subject  of  humidity  in  rehition 
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race  and  chHiacter,  as  well  as  the  kind  of  climate,  have, 
of  course,  some  conBiderable  action  on  the  grace  and  love- 
liness of  the  female.  This  subject  is  one  of  great  magni- 
tode,  on  which  there  will  necessarily  be  a  divergence  of 
opinion,  as  the  question  of  taste  is  veiy  moch  involved. 
I  onl;  allude  to  it  as  one  deserving  of  thoi^t. 

An  excesa  of  aqueous  vapour  in  the  atmosphere  has 
not  only  a  depressing  effect  on  the  nervous  system,  but 
it  interferes  with  the  cutaneous  and  pulmonary  exhala- 
tions. If  the  temperature  is  high  (65°  to  80°  F.), 
saturated  air  is  sultry  and  oppressive.  If  low  {e.g., 
a  Scotch  mist  of  36°  F.),  its  chilling  influence  pene- 
trates all  clothing.  At  least  one  half  of  the  patients 
which  apply  for  relief  during  the  winter  months  to  tiie 
physicians  of  the  metropolitan  and  provincial  hospitals 
of  this  country,  are  afflicted  with  colds,  coughs,  bronchial 
and  rheumatic  affections.  The  prevalence  of  these  dis- 
orders at  this  season  is,  without  a  doubt,  due  partly 
to  the  coldness,  and  partly  to  the  excessive  moisture  of 
our  very  changeable  climate.  Above  80°  F.,  air  of 
excessive  humidity  becomes  injurious ;  and  it  has  been 
doubted  as  to  whether  life  can  be  prolonged  in  such  air 
at  a  temperature  between  90°  F.  and  100°  F. 

A  very  dry  air  is  considered  by  some  as  less  dele- 
terious to  health  than  a  very  moist  air.  Assistant- 
Sutgeons  Lauderdale  and  Ross,  in  a  report  relative  to 
Fort  Yuma,  CaUfomia,  write:* — "With  the  thermo- 
meter at  105°  F.,  the  skin  becomes  dry  and  hard,  and 
the  hair  crisp,  and  furniture  falls  to  pieces.  Newspapers, 
if  roughly  handled,  break.  Eggs  that  have  been  on  hand 
for  a  few  weeks  lose  their  watery  contents  by  evapora- 
tion, and  the  remainder  is  tough  and  hard.  A  tempera- 
*  QtutrUrly  Jovnuil  cf  Scimce.    April  187S. 
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tore  of  100''  F.  may  exist  for  weeks  in  successioii,  and 
there  will  be  no  additional  cases  of  sickness  in  ocMiae* 
quence.     We  have  none  of  the  malarial  diseases." 

Dr.  Ballard  3^  inferences  as  to  the  effect  of  yaiift- 
tions  in  atmospheric  moisture,  as  represented  by  the 
readings  of  the  hygrometer,  and  the  estimation  of  the 
rainfall  on  the  public  health  of  a  portion  of  London, 
are  thus  given  by  him : — 

First,  As  to  the  readings  of  the  hygrometer.  "  1. 
That  in  the  colder  months  of  the  year  the  mean  tem- 
perature is,  on  the  whole,  more  important  as  a  condi- 
tion determining  the  absolute  quantity  of  sickness  than 
the  amount  of  accompanying  atmospheric  moisture.  2. 
That  in  the  wartner  months  of  the  year,  on  the  other 
hand,  the  amount  of  atmospheric  moisture  is  more  im- 
portant as  a  condition  determining  the  absolute  quan- 
tity of  sickness  than  the  mean  temperature.  3.  That, 
both  in  the  colder  and  warmer  seasons  of  the  year, 
a  comparatively  dry  condition  (for  the  season)  of  the 
atmosphere  is  more  damaging  to  public  health  than 
a  comparatively  moist  condition  of  the  atmosphere." 

Secondly,  As  to  the  rainfall  "1.  That  in  the  cdder 
months  of  tlie  year  the  mean  temperature  is,  on  the 
whole,  more  important  as  a  condition  determining  the 
absolute  quantity  of  sickness  than  tlie  amount  of  rain- 
falL  2.  That  in  the  warmer  months  of  the  year  the 
amount  of  rainfall  is  more  important  in  determining 
the  absolute  quantity  of  sickness  than  even  the  tem- 
perature. 3.  That  the  amount  of  rainfall  is  more  im- 
portant at  comparatively  low  than  at  comparatively  high 
temperatures,  in  regulating  the  absolute  quantity  of  sick- 
ness, both  in  the  colder  and  warmer  months  of  the  year." 
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The  artificial  climates  which  we  manufacture  in  our 
ouses  and  public  buUdings  are  iar  more  deleterious  to 
ealth  than  any  atmospheric  vicissitudes  as  to  moisture, 
le  air  of  our  rooms  has  a  tendency  to  be  pretematur- 
Uy  dry,  and  when  so  is  often  oppressive  and  unwhole- 
jme.  The  degree  of  moisture  of  air  is  shown  by  the 
ygrometer,  which  consists  of  two  thermometers,  one 
te  dry  bulb  and  the  other  (covered  with  muslin  and 
ttached  by  a  lamp  wick  to  a  feeder  of  water)  the  wet 
ulb.  The  difference  between  these  bulbs  is  about  five 
r  six  degrees  in  a  healthful  atmosphere.  In  rooms 
rarmed  by  radiant  heat  it  reaches  often  eight  degrees  ; 
whilst  in  rooms  heated  by  hot  air  a  difference  of  fifteen 
y  seventeen  degrees  is  often  noticed,  which  is  unwhole- 
3me  and  unpleasant.  Although  bo  many  different 
inds  of  stoves  and  other  appliances,  such  as  hot  water 
ipes,  etc.,  for  heating  rooms,  have  been  devised,  that 
nportant  point  seems  nearly  always  to  have  been  over- 
x>ked,  namely,  the  maintenance  of  a  healthful  amount 
f  moisture  in  the  air. 

I  have  seen  pans  of  water  placed  on  iron  stoves  to 
ouQteract  the  unpleasant  effects  caused  by  the  dryness 
f  the  air,  and  have  seen  the  water  steaming,  and  even 
oiling.  In  such  an  apartment  there  was  an  excess  of 
loisture  in  the  air  which  made  me  feel  very  uncom- 
irtable,  creating  the  disagreeable  sensation  which  one 
xperiences  on  entering  the  house  of  a  laundress ;  the 
ygrometer  in  such  a  case  giving  a  difference  of  only 
ne  or  two  degrees,  showing  that  the  air  was  almost 
aturated  with  watery  vapour  in  an  invisible  form. 

The  air  sometimes  becomes  almost  saturated  with 
he  aqueous  vapour  that  proceeds  from  the  pulmonary 
nd    cutaneous    surfaces    in   crowded  halls  or  rooms. 


330  THE  FRESSX7BE  OF  THE  AIR 

Professor  Sanders  relates  *  an  anecdote,  naiiated  to  him 
by  a  Kussian  officer,  of  the  production  of  a  showa  of 
snow  that  fell  on  the  audience  in  a  concert  room  by 
the  sudden  opening,  in  veiy  cold  weather,  of  a  window, 
for  purposes  of  ventilation. 

Even  now,  when  the  study  of  health  and  the  influ- 
ences which  deteriorate  and  promote  it,  coupled  with 
the  prevention  of  disease,  are  the  great  subjects  of  the 
day,  rivalling  in  interest  the  kindred  one  of  the  cure  of 
disease,  there  seems  a  complete  ignorance  or  apathy  in 
regard  to  this  subject  amongst  physicians  and  leading 
architects. 

On  recently  visiting  the  completed  portion  of  the 
New  Edinburgh  Eoyal  Infirmary,  which  is  fitted  with 
all  the  most  approved  and  recent  appliances  for  heat- 
ing, ventilation,  etc.,  and  which,  when  finished,  will 
take  the  place  now  occupied  by  St.  Thomas'  Hospital 
London,  and  the  Lariboisiire  in  Paris,  of  the  modem 
pattern  hospital,  I  was  astonished  to  find  that  no 
provision  whatever  existed  for  supplying  moistiue  to 
the  air  dried  by  the  coils  of  hot  water  pipes  that  are 
seen  in  so  many  places.  If  gardeners  were  to  treat 
their  greenhouse  plants  thus,  healthy  life  and  growth 
would  be  impossible.  Horticulturists  always  furnish 
their  hot  water  pipes  with  long  troughs,  filled  with 
water,  that  rest  on  the  pipes,  and  thus  maintain  an 
artificial  climate,  closely  resembling  that  to  which  the 
plants  have  been  accustomed,  in  which  air  is  enabled 
to  lick  up  as  much  water  as  its  temperature  will 
permit 

C.  The  Pressure  of  the  Air. 
The  There  is  a  strong  popular  belief  that  old  wounds,  in- 

FreMareof 

the  Air.  *  Handbach  der  dffentlichen  Gesandheitspfl^ge. 
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juries,  diseased  Txmes,  and  rbeumatic  joints  are  the 
seat  of  discomfort,  or  even  pain,  on  the  approach  of  a 
Btorm,  which,  speaking  generally,  means  in  this  conntiy 
a  sadden  decrease  of  at  least  ^  inch  of  the  mercurial 
column.  Bichardson  and  others  tell  us  that  when  the 
body  is  exposed  to  low  barometric  pressure  there  is  a 
tendency  to  exudation  of  fluid  from  wounded  sur- 
&ces,  a  feebleness  in  the  healing  of  wounds,  a  suscepti- 
bility to  disturbance  in  the  body  generally,  and  a 
proneness  to  the  production  of  secmidaTy  fever  by  the 
absorption  of  discharges  which  have  undergone  some 
decomposition.  The  outcome  of  these  facts  has  been 
the  establishment  of  the  law  that  no  important  sur- 
gical operation  should  be  performed  when  the  baro- 
meter is  low,  or  when  it  is  steadily  falling.  The 
principal  effect  of  diminished  pressure  of  iibe  atmos- 
phere is  distension  of  the  capillaries.  We  all  recognize, 
as  one  of  the  exciting  causes  of  apojdectic  seizures,  a 
rapid  diminution  of  atmospheric  pressure  producing  a 
sudden  capillary  engorgement  Mr.  Wood,  of  King's 
College  Hospital,  introduced  the  question  in  the  British 
Sledical  Journal  in  the  i^riog  of  1872,  as  to  why 
cases  of  joint  disease  are  invariably  worse  during  the 
warm,  moist  days  of  winter  ?  It  was  curious  that  bis 
attention  should  have  just  at  that  time  been  particularly 
called  to  the  connection,  for  the  pressure  of  the  air  in 
London  had  been  leas  early  in  that  year  than  had  been 
noted  for  nearly  30  years.  Indeed,  it  was  stated, 
on  the  authority  of  the  editor  of  the  Mdtorologvxd 
Magazine,  that  only  on  two  occasions  during  the  present 
century  had  the  barometer  been  so  low  as  on  Januaiy 
24th,  1872.  An  exacerbation  of  the  symptoms  in  cases 
of  joint  disease  may  be  due  to  low  barometric  pressure. 
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acting  in  a  manner  which  may  be  thns  explained : — 
In  the  solid,  inelastic  articular  expansiona  of  the  bono^ 
which  are  surrounded  by  firm    inextensile   textureSi 
forming  the  joints,  the  minute  nerves,  shown  by  Kolliker 
and  others  to  penneate  the  cancellous  and  compact 
structures  in  company  with  vessels,  are    pressed  bj 
these  vessels,  when  enlarged,  against  the  imyielding 
walls   of    the   channels    through   which    they  pasBi 
Although  the  nerves  of  bones  do  not  generally  affind 
healthy  individuals  any  conscious  sensations,  y^  in 
diseases  of  the  joints,  the  bones,  when  congested  or  the 
seat  of  inflammation,  become  painful      Tissues,  not 
supplied  with  rigid  canals  like  bone,  yield  to  pressoie 
during  any  temporary  increase  in  the  size  of  the  minnte 
vessels.      In  such  tissues,  vascular  distension,  fiom  a 
diminution  of  the  pressure  of  the  air,  is  unassodated 
with  pain,  because  the  nerves  accompanying  the  vessels 
are  uninterfered  witL     Low  barometric  pressure  and 
an  excess  of  humidity  of  the  air  offer  conditions  most 
unfavourable  for  the  removal  of  heat  by  evaporation 
and  radiation  from  a  congested  or  an  inflamed  joint 
Teeth,  which  have  a  nutrient  system  very  similar  to 
that   possessed  by  bone,  become    painful  when  the 
pressure  of  the  air  is  suddenly  lessened,  for  the  same 
reason.      Tlie  nerves  of  the  tooth  being  in  a  morbid 
condition  from  caries,  are  temporarily  irritated  by  the 
capillary  enlargement.     How  is  it  that  joints  which 
are  not  diseased  ache  when  the  barometer  is  low  ?    I 
am  not  aware  that  this  occurs  in  the  young  and  healthy. 
Experience  teaches  us  that  old  rheumatic  people  often 
complain  of  this  symptom.    Such  persons,  whose  joints 
are  not  in  a  perfectly  healthy  state,  are  generally  worse 
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dnring  damp  weather,  in  consequence,  I  presume,  of 
imperfect  elimination  by  tiie  akm,  and  of  the  lowering 
of  the  vitality  of  parts  (whereby  the  action  of  a  morbid 
condition  is  favoured), — changes  undoubtedly  induced 
by  the  meteorological  conditions,  the  eSects  of  which 
Te  have  been  considering.  It  has  for  a  long  time 
been  held  that  increased  atmospheric  pressure  artificially 
applied  exercises  au  ancemiating  and  compressing  action 
in  the  peripheric  tissues;  that  it  diminishes  the  frequency 
of  the  pulse  and  the  calibre  of  the  small  vessels  gene- 
rally, thus  increasing  the  obstacles  which  the  vascular 
walls  oppose  to  the  current  of  blood  from  the  heart 
The  heemorrhages  and  peripheric  congestions  observed 
in  aeronauts,  and  the  opposite  facts  noticed  in  divers  and 
miners,  are  in  this  mechamcal  manner  accounted  for. 
M.  Yivenot  states  that  this  diminution  of  the  vessels 
may  be  seen  on  the  conjunctiva,  on  the  ear  of  the 
rabbit,  and  on  the  vessels  of  the  retina,  and  that 
larified  air  produces  contrary  effects  {ViTchouj's  Archiv. 
1866).  M.  Bert,  in  recent  numbers  of  the  Comptes 
Stndus,  and  Forlanini,  *  have  impugned  the  coirectness 
of  this  view,  and  state  that  the  calibre  of  the  capillaries 
does  not  undergo  change  under  the  action  of  compressed 
air.  The  therapeutic  employment  of  compressed  air, 
which  is  given  at  a  pressure  of  from  1  to  10  atmospheres, 
ID  bronchitis  and  other  affections,  is  now  a  recognized 
mode  of  treatment  at  some  places,  as,  for  example,  at 
Ben  Rhydding,  in  Yorkshire,  and  at  some  establishments 
on  the  Continent.  The  physiological  effects  are  said 
to  be  the  following  : — 1.  Augmentation  in  the  ampli- 
tude of  the  inspirations  ;  2.  Diminution  in  the  number 
of  respirations  in  a  given  time  ;  3.  Prolongation  of  the 
*  QataUa  Medita  Italiaiut,  LombanU,  Harcli  Slat,  1ST7. 
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expiratory  act ;  4.  Gradual  augmentation  of  the  capa- 
city of  the  lungs ;  5.  Superoxygenation  of  the  blood, 
increased  activity  of  the  organic  combustion,  and  eleva- 
tion of  temperature. 

The  effects  of  diminished  pressure  of  the  air  are  an 
increase  in  frequency  of  the  respiratory  and  circulatoiy 
acts^  and  a  reduction  of  the  activity  of  the  nutiitive 
processes,  as  shown  by  the  amount  of  urea  eliminatei 

The  subject  of  the  effects  on  health  of  changes  in 
atmospheric  pressure,  *  should  be  more  clearly  a8oe^ 
tained,  and  it  offers  a  wide  and  encouraging  field  for 
exploration. 

The  stumps  of  amputated  limbs  appear  to  be  very 
sensitive  to  meteorological  vicissitudes.  Persons  with 
these  painful  stumps  sometimes  get  into  a  morbid  and 
hysterical  state  of  mind  ;  and  in  their  prospective 
study  of  their  discomforts,  this  hyperaesthetic  condition 
gives  rise  to  fanciful  imaginary  ideas. 

It  is  the  experience  of  those  wlio  have  the  care  rf 
the  insane,  that  a  sudden  and  great  decrease  in  atmos- 
pheric pressure  is  generally  accompanied  by  an  in- 
creased excitability,  more  apparent  amongst  some  forms 
of  mental  disease  than  others. 

Attacks  of  neuralgia  and  other  nervous  maladies 
seem  often  to  recur  during  the  fall  of  the  barometer; 
especially  when  this  culminates  in  rain.  Dr.  Weir 
Mitchell  gives  the  following  result  of  his  observations 
on  this  connection  between  the  neuralgic  attacks  in 
a  painful  stump  of  a  Capt.  Catlin,  U.  S.  A.f     **  It  was 

•  The  obsenrations  of  M.  Bert  on  **  Barometric  Pressure,"  in  recent 
Nos.  of  the  CompUa  JUndus,  should  be  perused.  Vide  also  j^e(f 
Physiologiques  et  Applicalions  TlUrapcxUiques  de  VAir  Comprimd,  by 
Dr.  J.  A.  Fontaine,  1877. 

t  Aviorican  Journal  of  the  Medical  Sdenees,  April  1877. 
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her  tbe  fact  of  a  storm,  or  the  disturbance  of  pres- 
■e,  that  induced,  or  at  least  accompanied  pain,  than 

depth,  duration,  or  extent"  The  number  of  bouts 
ring  which  neuralgia  was  endured  was  greater  in 
:  spring  and  autumn  quarters  than  during  the 
umer  and  winter.  He  writes,  "  The  amount  for 
ing,  which  is  in  America  the  season  of  greatest 
iression  of  health  tone,  when  choreas  return,  and 
lepsies  are  difficult  to  control,  but  little  exceeds  the 
iumn  pain  crop."  This  army  officer  noticed  also 
it  his  neuralgia  was  apt  to  prevail  when  tbe  northern 
iits  were  intense.  As  auroras  are  genersllj  followed 
storms  this  coincidence  is  not  improbable.  Dr.  Mit- 
ill  adds,  "  A  still  more  valuable  and  novel  conclusion 
I  arisen  out  of  the  study.  Every  stonn,  as  it  sweeps 
08S  the  contineDt  of  America,  consists  of  a  vast  rain 
a,  at  the  centre  of  which  is  a  moving  space  of  greatest 
■ometric  depression,  known  as  the  stonn  centre,  along 
ich  the  storm  moves  like  a  bead  on  a  thread.  The  rain 
lally  precedes  this  by  550  to  600  miles,  but  before 
i  around  the  rain  lies  a  belt,  which  may  be  called  the 
iralgic  margin  of  the  storm,  which  precedes  tbe  rain 
>ut  150  miles.  This  fact  is  very  deceptive,  because 
I  sufferer  may  be  on  the  far  edge  of  the  storm-basin 

barometric  depression,  and  seeing  nothing  of  the 
a,  yet  may  have  pain,  due  to  the  storm.  It  is  some- 
at  interesting  to  figure  to  oneself  thus  a  moving 
a  of  rain  girdled  by  a  neuralgic  belt  150  miles 
le,  within  which,  as  it  sweeps  along  in  advance  of 
s  storm,  there  prevail  in  tbe  hurt  and  maimed  limbs 

men,  and  in  tender  nerves,  and  rheumatic  joints, 
lewed  tormente  called  into  existence  by  the  stir  and 
Tturbation  of  the  elements." 
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D.  The  IHrtdum  of  the  JTimd. 

West  and  north-west  winds  are  considered  more 
favoniable  to  health  than  south  and  south-west  winds, 
which  are  geneiaUy  wann  and  soothing  to  inralids,  and 
others  with  an  irritated  pulmonary  surface.  Xorth  and 
north-east  are  not  considered  unfavourable  to  health,  and 
are  generally  enjoyed  by  those  who  are  robust  East 
winds  are  proverbially  deleterious,  except  to  the  strong 
and  healthy,  by  reason  of  their  coldness  and  dryness. 

East  winds  have  been  especially  connected  with 
the  production  of  neuralgic  affections,  and  the  moist 
warm  relaxing  winds  from  the  south-west  have  to  a 
less  extent  been  blamed 

Dr.  W.  ^Mitchell  found  that  of  50  cases  of  ampu- 
tation of  limbs  less  than  half  felt  unusual  sensations 
upon  the  coming  of  or  during  an  east  wind.  Of  the 
rest,  two-thirds  insisted  on  their  power  to  predict  such 
a  change  of  weather,  but  said  they  were  unaffected  by 
a  thunderstorm  or  by  rain  coming  from  the  south 

Dr.  Ballard's  observations,  to  which  allusion  has 
already  been  made,*  lead  him  to  believe  that  westerly, 
southerly,  and  south-westerly  winds,  are  associated  with 
a  larger  amount  of  sickness  than  northerly  and  north- 
easterly winds. 
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CHAPTER  XXXL 

—THE  METEOROLOGICAL  COUDITIOHS  WHICH  APPEAB  TO 
FAVOUR  OB  BSTARD   THE  DEVELOPMENT  OF  CERTADf 


1.  Surgical  fever  aad  shock  after  operations. 

2.  Small  pox. 

3.  Measles. 

4.  Whooping  cough. 

5.  Scarlet  fever. 

6.  Fever. 

iDiarrhcea. 
Dysenteiy. 
Cholera. 

8.  Bronchitis,  pneumonia,  and  asthma. 

9.  Phthisia. 

10.  Hcemorrhages,  apoplexy,  abortion,  nenrdgia. 

1 1.  Hydrophobia. 

12.  Erysipelas  and  puerperal  fever. 

13.  Insanity. 

14.  Ebeumatism. 

1.  Surgical  Fever  after  operations. — Dr.  Ttichardson  sargimi 
lowa*  that  there  are  differences  in  the  mortality  of,^^ 
iitain  diseases  which  are  attended  by  fever  or  incre- 
ent  of  animal  heat  during  the  several  seasons  of  the 
*  "On  Meteorological  Keadings  in  relation  to  Surgical  Practica." 
Itedieai  Tima  and  OaxtUe,  January  29tti,  and  February  6th,  1870, 
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year.  He  fonnd,  from  an  analysis  of  139,318  deaths 
from  all  diseases,  during  the  years  between  1838  and 
1853,  that  the  mortality  from  three  of  the  diseases  of 
this  class,  held  the  foUowing  proportions : — 

First            Seeond  Tidrd           Foarth 

Qaarter.         Qaarter.  Qoait«r.         Qoartcr. 

Jan.  FfcbL  April,  Maj,  July.  Ans.  Oct  Nor. 

Mareh.           June.  Sept.               Dec 

Scarlet  Fever  .  20*809     18*978       26*234       33*976 

Erysipelas  25144     23*444       22*337       29174 

Ckrbancle  29*771      19*685       24*409        29*133 

He  points  out  that  the  last  quarter  is  the  central 
quarter  of  the  year  in  which  these  diseases  are  most 
fatal,  and  that  December  is  the  centre  of  a  period  of 
seven  months  which  commences  in  September,  doriDg 
which  there  is  occurring  in  the  animal  organism  a 
marked  modification  in  the  nutrition,  as  compared  with 
the  five  remaining  months  from  April  to  August  * 

Admitting  that  whenever  there  is  any  considerable 
increase  of  the  animal  temperature,  there  is  danger, 
unless  there  be  established  a  compensation  by  radiation 
and  specially  by  evaporation  of  water  from  the  body, 
we  find  that  the  fourth  quarter  of  the  year  is  more 
distinguished  than  the  other  quarters  for  those  meteo^ 
ological  conditions  which  are  most  unfavourable  to 
equalization  of  heat  by  evaporation  and  radiation, 
namely,  low  barometric  pressure,  excess  of  humidity  of 
air,  and  a  temperature  low,  but  not  low  enough  to  com- 

*  Mr.  Milner's  experiments  on  the  weight  of  the  body  during  the 
yarioufl  months  of  the  year  amongst  the  convicts  at  Wakefield,  led  him 
to  the  following  conclusions  : — 1.  The  body  becomes  heavier  during  the 
summer  months,  and  the  gain  varies  in  an  increasing  ratio ;  2.  The 
body  becomes  lighter  during  the  winter  months,  and  the  loss  varies 
in  an  increasing  ratio  ;  8.  The  changes  from  gain  to  loss,  and  the  n- 
verse,  are  abrupt,  and  take  place  about  the  end  of  March  and  the 
beginning  of  September. . 


OR  RETAKD  CEBTAIN  DIBEASE8.  339 

3nBate  for  increase  of  beat  by  aireat  of  oxidation  or  by . 
^traction  of  heat. 

Dr.  Richardson  has  accordingly  drawn  up  certain 
lies  for  the  guidance  of  Burgeons  ia  the  performance 
'  operations  which  will  admit  of  delay,  until  natural 
inditions  arise  favourable  to  operative  work,  whereby 
irgical  fever,  which  often  creates  such  Vitality,  may  be 
•evented, 

Tfie  time  is  favourable  /or  opercUion, — 

(a)  When  the  barometer  is  steadily  rising. 

(6)   When  the  barometer  ia  steadily  high. 

(c)  When  the  wet  bulb  thermometer  shows  a  read- 
ing of  five  degrees  lower  than  the  dry  bulb. 

(rf)  When,  with  a  high  barometer,  and  a  difference 
of  five  degrees  in  the  two  thermometerB, 
there  is  a  mean  temperature  at  or  above 
55°  Fabr. 

(e)  When  the  wind  is  west  or  north-west. 
The  time  is  unfavourohle  for  operation — 

(a)  When  the  barometer  is  steadily  falling. 

(6)   When  the  barometer  is  steadily  low. 

(c)  When  the  wet  bulb  thermometer  approachea 

the  dry  b\Ub  within  two  or  three  degreea 

(d)  When,  with  a  low  barometrical  pressure  and 

approach   to  imity  of  reading   of  the  two 
thermometers,  there  is  a  mean  temperature 
above  45°  and  under  55°  Fahr. 
{e)  When  the  wind  is  south  or  south-west 

Dr.  A.  Hewson  has  published*  the  results  of  the 
)servations  made  in  the  Pennsylvanian  Hospital  by 

*  FennsjriTuiian  Hospital  Reports,  toI.  ii.  ISSS. 
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the  nirgems,  on  the  leUtkn  between  eotain  meteon- 
logical  conditioita  uul  the  moitalitr  after  smgical  i>pen- 
tiooa.  They  agree  in  the  main  with  the  oonch»icD9 
of  Dr.  Bichardson,  and  dicit  the  additicMial  tmet  thit 
death  from  surgical  '  shock "  is  a^ociated  with  a  h^ 
bannnetrical  pressoie  and  a  dir  air,  conditions  opposite 
to  those  accompanying  fatal  pyiemia.  Dr.  Hewscn 
writes,  "  We  obtained  a  moitality,  when  the  opoatioB 
was  performed  with  the  barometer  ascending,  of  lOT 
per  cent,  (rf  206  per  cent  with  it  stationary,  and  28'4 
per  cent  with  it  descending." 

2.  Smalipox  has  been  fonnd  bj  Dr.  Ballard*  in  LoD- 
don,  and  by  Dr.  Wistrand  in  Sweden  (in  which  coootiy 
there  is  a  regisCratioo  of  disease),  to  prevafl  more  from 
Xovember  to  May,  than  ^m  May  to  November.  The 
former  ph^'sician  noticed  that  it  has  assumed  an  epidemic 
form  soon  after  the  mean  temperature  of  the  air  haa 
persistently  fallen  below  50°  for  tbe  winter  seBsaa, 
and  has  begun  to  decline  in  Alay,  when  the  mean 
temperature  of  the  air  begins  to  rise  above  this  line, 
and  gives  place  to  higher  temperatures. 

The  curve  for  smallpox  in  London  for  a  period  of 
Smallpox — for  all  Ages  and  both  Sexa. 

Ju.      Pab.     Hucb    April     Hij     JoM      Jolj     Ang.     Sept      Od.    f-   t 


thirty  years    (1S45    to    1874),   represented   in  Mr. 

Alexander  Buchan's  and  Dr.  A.  Mitchell's  ioterestii^ 

'  Medkal  Timet  and  Oamu,  Mtrch  llth  and  13th,  1S7I. 
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1  on  Thi  Influence  of  Weather  on  Mortality  from 
it  Diseases  and  at  Different  Ages,  endoises  these 

dotted  line  represente  the  mortality  from  which 

the  abnormally  high  epidemic  of  1870-72  has 
ithdrawn.  This  abstraction  has  simply  reduced 
sitiveneas  of  the  curve.  The  straight  black  line 
and  in  the  following  figures  containing  corves, 
»  the  mean  weekly  death  rate  on  an  average 
weeks.  The  curve,  as  it  rises  above '  and  falls 
the  straight  black  line,  represents  the  average 
ate  of  each  week,  calculated  in  per  centagee  of 
w  weekly  death  rate  for  the  whole  year. 
Moore  has  confirmed  these  observations  in  Dublin, 
.  well-marked  tendency  to  an  epidemic  was  noticed 
:h  1871 ;  but  the  disease  appeared  to  be  kept  in 
by  the  increasing  temperature,  notwithstanding 
lortation  from  England  of  many  cases,  until,  with 
■ancing  autumn  it  blazed  into  an  epidemic  He 
3  noticed*  that  abundant  rainfalls  seemed  to  be 
d  by  remissions  in  the  severity  of  the  epidemic, 
it  the  acm^  of  the  epidemic  closely  followed  a 
af  comparatively  dry  weather  and  lower  humidity. 
Measles. — Sydenham,  in  hia  medical  observations, " 
hat  cases  of  measles  are  generally  most  numerous 
i  the  end  of  March,  and  that  they  then  gradually 

in  number  and  disappear  by  midsummer.     The 
itions  of  Dr.   Ransome  and  Mr.   G.  V.  Vernon 

indicate  roughly  that  measles  increases  with  a 
d  diminishes  with  a  rise  of  temperature ;+  that 

mial  of  PublU  HeaWi/ar  Ireland. 

a  the  Influence  of  Atmospheric  Changes  Dpou  Duease." — Free. 

'..  Soe.,  Manchester,  toL  i.  8eiie»  3,  ISCS  to  1860. 
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barometric  pressure  flnctnates  more  vhen  it  is  prenkitt 
than  when  it  is  not  rife  ;  and  that  the  period  of  its  n- 
currence  is  about  every  five  or  six  years.* 

This  disease,  which  prevails  especially  daring  the 
spring  nnd  summer  quaiteis  of  the  year,  would  seem, 
according  to  the  observations  of  Ptb.  Moore,t  Ballatd,|  { 
and  others,  to  be  uniavourably  influenced  by  a  tempB^ 
ature  of  the  air  above  60°  in  simuner,  and  to  be  checked 
by  a  fall  of  temperature  during  winter  below  42°. 

Its  mortality  is  governed  by  other  inflaeocee  than 
those  of  a  meteorological  nature.  Cfeteria  paiibi« 
measles  would  seem  to  be  more  deetructive  amon^ 
those  who  live  in  total  disr^ard  of  all  hygienic  nilei 
than  amongst  those  who  obey  the  laws  of  health,  and 
to  be  more  fatal  to  native  tribes  amongst  whom  the 
disease  has  been  previously  unknown.  The  recent 
severe  epidemic  in  the  Fiji  Islands  affords  a  fresh  poof 
of  the  truth  of  this  last-mentioned  statement. 

The  measles  curve,  representing  the  fatality  in  Lon- 

Measks — for  all  Ages  and  both  Sexes. 

Jml     F«ti.     UsTCh    April     tUj      Jnn*     Jnly    Aug.      Sept.       Oct     fm.   ■ 


don  from  this  disease,  is  remarkable,  according  to  Ut- 
Buchan  and  Dr.  A.  Mitchell,  in  showing  a  double  maxi- 

*  "  Epidemic  Cycles, "—Brii.  Ved.  Journal,  Sept.  1,  1877. 
+  Op.  rfl. 

t  ElereDth  Report  of  the  Medical  Officer  of  the  Piivj  CodocU,  IStS, 
No.  3,  p*ge«  Gi-S2. 
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mum  and  minimnni  during  the  year,  a  rapid  fluctuadon 
taking  place  from  Christmas  to  the  middle  of  February, 
when  the  weekly  deaths  fall  from  42  to  21. 

4.  Whooping  Cough. — Extremes  of  heat  and  cold  mioopiDf 
appear  to  affect  not  only  the  prevalence  of  this  disease,  '^"'^ 
but  much  more  so  its  mortality.  It  generally  seems  to 
prepress  hand  in  hand  irith  measles,  increasing  with  a 
falling  and  diminishing  with  a  rising  temperature. 
During  the  hot  weather  of  summer  it  is  rarely  beard 
of;  and  during  the  period  when  the  cold,  dry,  east 
winds  blow  in  spring,  it  is  generally  most  fatal  amongst 
the  insufficiently  clothed  and  ill  fed.  We  usually  re- 
gard it  as  a  winter  and  early  spring  disease. 

Dr.  Moore  thinks   that  intense   cold   checks  the 
disease,  whilst  moderate  cold  favours  its  spread. 

The  London  curve  for  thirty  years  agrees  pretty 
closely  with  these  views. 


Whooping  Cough — for  aU  Agta  and  both  Sexes. 
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5.  Scarlet  Fever. — Sydenheim  considered  that  this  |™»irt 
disease  appears  most  frequently  towards  the  end  of 
summer. 
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The  Registrar-General  of  England  has  noted  a 
tendency  in  the  mortality  from  this  disease  to  increase 
in  London  during  the  last  six  months  of  the  year, 
attaining  a  maximum  in  December.  Dr.  Moore  has 
observed  it  always  to  be  most  prevalent  and  fatal  in 
Dublin  during  the  last  quarter  of  the  year.  Dr. 
Wistrand  considers  that  this  disease  is  most  prevalent 
in  Sweden  in  November,  and  least  so  in  August 

The  habits  of  the  people  have  much  to  do,  doubt- 
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less,  with  the  detenuination  of  the  particular  time  of 
the  year,  when  the  impact  of  the  disease  i?  most  felt. 
My  own  experience  teaches  me  that  it  increases  with 
a  rising  temperature,  spreading  like  wildfire  in  very 
hot  weather  in  agricultural  viUi^es,  during  the  times 
when  children  congregate  together,  as,  for  example, 
during  hay-making,  pea-picking,  gleaning,  hop-picking, 
and  school  ietes ;  and  that  this  highly  infectious  disease 
spreads  in  towns  and  cities  in  very  cold  weather 
amongst  the  poor,  who,  with  their  scanty  supplies  of 
fuel,  huddle  together  for  mutual  warmth,  diligently 
closii^  every  chink  whereby  fresh  air  might  possibly 
enter  their  overcrowded  dwellings. 

The  thirty  years'  curve  for  London  would,  accord- 
ing to  Mr.  A.  Bucban  and  Dr.  A.  Mitchell,  show  the 
maximimi  death-rate  to  occur  from  the  b^:inning  of 
October  to  the  end  of  November  (when  the  mean  tem- 
perature of  the  air  of  London  is  48'2,  and  its  relative 
humidity  is  85),  and  the  minimum  to  be  in  March, 
April,  and  May  (during  which  months  the  mean  tem- 
perature of  the  air  of  London  is  473,  and  its  relative 
humidity  is  77). 
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The  curves  of  whooping-cough  and  scarlet  fever 
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fonn  strildiig  oontrasts,  the  mftYifnnm  for  whooping- 
oough  and  the  minimnm  for  scarlet  fever  both  oocuiiiig 
in  spring ;  whilst  whooping-cough  reaches  its  mmlTniiin 
in  aatumn,  when  scarlet  fever  is  at  its  maximimL  Aa 
to  the  cycle  of  scarlet  fever.  Dr.  Banaome  has  noted  ^ 
that  a  small  wave  has  appeared  about  every  five  yean, 
and  a  great  wave  eveiy  fifteen  or  twenty  years. 

!  Typhus. 
Icteric 
Intermittent  and  continued. 

Typhus,  according  to  most  observers,  is  only  in- 
directly influenced  in  its  prevalence  by  tempeiatoie. 
When  the  weather  is  very  cold  cases  are  generally 
more  numerous,  because  the  overcrowding  and  the 
defective  ventilation  of  the  dwellings  of  the  poor  is 
worse  than  usuaL  The  height  of  an  epidemic  has 
occurred  in  some  instances  during  hot  weather  (as,  for 
example,  in  Glasgow  during  July  1847). 


Typhus — for  ail  Ages  and  both  Sexes. 

{BloxanCs  Meihod).f 
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Mr.  Buchan  and  Dr.  A.  Mitchell  remark  respecting 

♦  Op.  cU. 

+  This  method  of  dealing  with  the  percentages  in  la3ring  down  the 

curves  is  convenient  in  arriving  at  an  approximately  true  avenge 

when  a  small  number  of  years  are  available,  as  in  the  case  of  typhna 

»nd  typhoid  figures  (for  which  diseases  figures  extending  over  six  yetfi 
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the  London  curre — "  It  is  probable  tliat  this  curve  has 
two  maxima,  the  larger  in  the  early  months  of  the 
year,  and  the  smaller  in  the  height  of  summer." 

ErUeric — Autumn  is  generally  considered  the  season  Entartu  or 
par  txeelUtice  for  the  development  of  this  disease,  hence  J^°" 
it  has  been  called  in  America  "  autumnal  or  fall  fever." 
It  would  be  more  correct  to  call  it  a  late  autumn  or 
winter-autumn  fever,  and  diarrhoea  a  summer-autumn 
complaint.  It  has  been  noticed  to  be  more  prevalent 
after  dry  and  hot  summers  than  after  those  which  are 
cool  and  wet.  Warm,  damp  weather,  in  autumn  and 
winter,  when  there  is  much  decomposition  of  v^etable 
mattera,  is  favourable  to  an  outbreak.  Heavy  rains, 
by  cleansing  the  air  and  the  drains,  is  unfavourable  to 
its  appearance,  except  when  filth  is  washed  by  these 
downfalls  into  the  weUs. 

The   London    curve    for    typhoid    fever    resembles 
Ti/phoid  Fever — for  all  Ages  and  both  Sexts. 
{BUaam'i  Method). 
Jul      Fab.     Ituch    April     Mir     Jnoa       Jnlr     Aog.      Sapt      Oct     Kdt.     Dm. 
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that  for  scarlet  fever  as  to  the  period  of  its  maximimi 
death-rate,  but  the  minima  of  these  two  diseases  widely 
differ  in  character  from  one  another. 

only  ar«  obteinable),  or  when  few  deaUiB  occur  from  mj  particular 
diseoM,  fmch  as  gont  or  ague.  Tho  method  conaiBta  in  assuming  tb« 
aTciage,  for  instance,  of  the  tecond  week  of  Jinnaiy,  to  be  not  the 
■etaal  average  of  that  week,  hot  the  average  of  the  fit«t,  second,  and 
third  wedcB ;  the  average  of  the  third  week  is  assumed  to  be  the  aver- 
age of  the  aecond,  third,  and  fourth  week*,  and  «o  on. 
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IntermUtent  Fever  =^  Ag^Oit. — The  popular  idea  in 
E^ish  dbtricts  that  outbursts  of  this  disease  generolly 
occur  when  audden  changes  of  weather,  from  hot  to 
cold  or  the  reverse,  take  place,  and  especially  duiii^ 
the  prevalence  of  a  dry  east  wind  with  a  scorching  hot 
Bun,  is  interjireted  by  the  knowledge  that  we  at  preseDt 
possess,  as  to  the  tendency  of  such  meteorological  in- 
fluences to  conduce  to  the  congestion  of  the  liver,  the 
spleen,  and  other  internal  organs. 

f  Diarrhoea. 

7.  <  Dysentery. 

(  Cholera. 

Diarrhaa. — The  following  memoranda  have  beat 
offered  to  the  profession  hy  Dr.  liansome "  respecling 
these  two  diseases  : — 

A  mean  temperature  above  60  predbposes  to  this 
disease  when  continuous,  causing  a  rapid  in- 
crease in  the  number  of  cases.     A  temperatuw 
below   60  appears   to   be  unfavourable  to  il« 
progress. 
BysenUry. — This  disease  seems  to  be  increased  ^ 
a  high  mean  temperature   and   diminished   by  a  lo* 
mean  temperature,  but  to  be  influenced  by  variations 
of  temperature  to  a  less  extent  than  diarrhcea.     High 
readings  of  the  barometer  are  nearly  always  accompanied 
by  diminished  prevalence  of  dysentery. 

Dr.  Moffat  lias  expressed  the  opinion  that,  as 
regards  simple  diarrhoea,  there  is  a  decrease  in  the 
pressure  of  the  air  and  an  increase  in  the  force  of  the 
wind  on  the  days  on  which  diarrhoea  occurs,  and  to  a 
less  extent  on  the  days  after  ita  occurrence. 
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JHarrhcea,  and  Chdera—for  all  Aget  and  lolh  Sexa. 
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SMton.  Cholera. — The  history  of  past  epidemics  has  gene- 

rally taught  US,  with  but  two  or  three  exceptions,  that 
the  mortality  from  this  disease  usually  increases  until 
September,  when  it  reaches  its  maximum,  after  which 
it  begins  to  decline.  A  sudden  diminution  in  the 
extent  of  its  ravages  is  often  ushered  in  by  some  great 
natural  cleansing  process,  such  as  a  storm  of  wind,  or 
heavy  downfall  of  rain,  or  sudden  descent  of  tem- 
perature diminishing  decomposition  of  organic  matters. 

The  London  curves  for  these  diseases  show  the  close 
relationship  that  the  progress  of  mortality  from  them 
bears  to  temperature.  The  speed  at  which  they 
suddenly  increase  during  the  hottest  weeks  of  the 
year,  and  rapidly  decline  on  the  fall  of  the  thermometer, 
is  very  striking. 

The  dotted  line,  Cholera,  No.  1,  indicates  the  fatality 
from  Asiatic  Cholera.  Tlie  line  not  dotted.  Cholera 
No.  2,  represents  simple  or  British  cholera. 

The  maximum  and  minimum  of  diarrhoea  is  seen  to 
be  a  month  earlier  than  the  maximum  and  minimum 
of  dysentery. 

Mr.  Buchan  and  Dr.  A.  Mitchell  point  out  that  the 
four  curves  seem  to  group  themselves  in  pairs — diarrhoea 
and  British  cholera  on  the  one  side,  and  dysentery  and 
Asiatic  cholera,  which  pass  through  their  annual  phases 
a  month  later,  on  the  other. 
Bronchitii,         8.  BrouchUis,    Pneumonia,    and    Asthma, — These 
•ndAjithiiuL  diseases  are  greatly  influenced  by  mean  temperature. 
They  increase  in  prevalence  as  the  temperature  falls, 
and  diminish  as  it  rises.    The  London  curves  strikingly 
exemplify  this  fact. 

The  percentages  of  the  mean  weekly  death  rate  at 
different  ages  are — 
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Bronchitis  is  thus  seen  to  be  most  fatal  to  children 
under  6  years,  and  to  the  old;  whilst  pneumonia, 
although  specially  fatal  to  children  below  this  age,  is 
of  rare  occurrence  amongst  the  a^ed. 

BronehUit,  Pneumonia,  and  Asthma — for  all  Ages  and  both  Sexes. 
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The  principal  maximum  of  pneumonia  in  November- 
December,  is  chiefly  determined  by  the  lai^  number 
of  deaths  amongst  children  under  five  years,  whilst  the 
secondary  maximum  occurs  in  March.  Dr.  William 
Squire  does  not  apparently  recognize  the  existence  of 
two  maxima,  but  contends  that  the  annual  maximum 
of  pneumonia,  unlike  that  of  bronchitis,  is  always  in 
spring. 

9.  PlUhisis  Pvlnumalis. — This  disease  destroys,  on  Phtwiii 
an  average,  148   individuals  in   London  every  week, 
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and  its  fatal  assaults  are  directed  against  those  in  tbe 
prime  of  life,  differing  in  this  respect  entirely  fioa 
bronchitis. 

Fhihitis—far  all  A^  and  MA  Sens. 

Mareh     April    May     Jane 

II  II 


nil 

Fig.  4i. 

10.  BtenunrJiages,  Apaplexj/,  Abortion,  and  Neura^ 
SoD,1nd  — ^^  consequence  of  the  statements  of  Dr.  Moffiittf 
NeunigfA.  to  the  important  effects  produced  by  fluctuations  of 
atmospheric  pressure  on  these  diseases,  Dr.  Bansome 
made  an  enquiry  into  the  matter,  from  which  he  drew 
the  following  conclusions,  which  were  embodied  in  » 
paper  read  by  him  before  the  Manchester  Philosophical 
Society  : — * 

1.  That   a  high  degree  of  barometric   pressure  is 

favourable  to  the  production  of  neuralgias,  less 
evidently  so  to  apoplexies  and  other  h2emo^ 
rhages,  and  that  abortions  are  not  shown  to  be 
aftected  by  it ; 

2.  That  increasing  readings  of  the  barometer  are  as 

frequently  accompanied  by  cases  of  these 
diseases  as  decreasing  readings ; 

3.  That  a  small  extent  of  diurnal  oscillation  of  the 

barometer  seems  to  be  favourable  to  neuralgias, 
no  effect  on  haemorrhages  being  traced  to  this 
source. 


Hydropho- 
Ma. 


11.  Ilydrophohia. — The  hot  "  dog  days"  of  summer 

**  On   Atmospheric   Pressure  and  the   Direction  of  the  Wind, 
in  nelatioii  to  Dist^ase,  esi)ecially  Hemorrhages  and  Neoralgias. " 


OR  BETABD  CKBTADf  DIBEABIS. 


S58 


are  generaUy  considered  to  be  those  dming  vhicb  this 
disease  ia  most  prevaleDt,  and  tliia  ancient  belief  is 
justified  to  some  extent  by  facts,  although  we  must 
remember  that  it  shows  itself  to  be  independent  in  its 
spread  of  a  high  temperature,  as  the  following  curve  of 
the  mortality  in  London  during  30  years  proves. 

Hydtvphebia—for  all  Agei  and  both  Sexa. 
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The  number  of  cases  in  December  is  there  seen  to 
be  as  numerous  as  those  in  August.  More  persons  are 
doubtless  bitten  by  dogs  in  hot  weather,  because  dogs 
are  more  irritable  during  this  season.  We  want  an 
answer  to  the  query  as  to  the  percent^e  of  cases  of 
hydrophobia  in  those  who  are  bitten  in  each  month  of 
the  year,  beforD  we  cau  determine  with  certainty  the 
influence  of  meteorological  conditions  on  the  disease. 

12.  Erysipelas  and  Puerperal  Fever. — ^The  curves  of  ajiiprtM. 
mortality   for   30    years   in   London   from   these  two 
diseases,   wonderfully   resemble    each    other,   and    are 
highly    suggestive   of    a    more    intimate    relationship 
between  them  than  is  generally  conceded. 
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Putrperai  Fever  or  MelrJa — for  all  Ago. 
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13.  Insanity. — -The  London  curves  for  diseases  of 
the  nervous  system  are  interesting.  That  of  inaanitf 
may  be  taken  as  a  sample  of  the  others. 

Insanity — for  all  Ages  and  both  Sexes. 
(Bltaam'i  iltthod). 
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ng.*g. 
This  curve  shows  three  maxima,  the  largest  being  in 
December  and  January,  the  next  in  June,  and  the  least 

marked  in  March  and  April. 

14.  Rheumatism. — Rheumatic  fever  was  said  by 
Sydenham  to  be  most  common  during  the  autmnn. 
The  London  curve  does  not  confirm  bis  view. 
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Sab-acnte  rheumatic  affections  of  joiuts  would  aeem 
to  be  more  uncomfortable  to  their  poBsesBora  when  the 
bsiometer  is  low,  and  the  air  is  wann  and  moist,  and 
^ironic  cold  rheumatic  affections  of  the  i^ed,  in  whom 
the  skin  is  inactive,  are  apparently  benefited  by  this 
*  muggy  "  condition  of  the  air.  Both  kinds  of  rheum- 
atic joints  are  incommoded  by  a  sudden  diminution  of 
pressure  and  perhaps  by  a  low  atmospheric  pressure. 
—  Vide  page  331. 

The  curve  of  pericarditis  closely  resembles  that  of  p«*«. 
rheumatism,  as  every  medical   man   would   of  course 
(»iy*ectuie. 

PmeardUis—for  all  Ages  and  both  Sexes, 
(Blaatrn'M  Method^. 
Jul     Fab.     Much    April    Vaj      Jniu      Julf     Aug.      B«pt.      Ocit,     Hot.    Dm. 

«*-  D 1 1 1 1 1  ij  1 1  i  1 1  III  It  1 1 1  M  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  fc+Hj  I'  n  d 

'^•^^1i"i^^^^^Jy  ^rn 

Bt.  u  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  n  I  n  irmiTrmTfi  1 1  n  1 1 1 1 1 1 1 1 1  d 


Before  concluding  this  sketch  of  the  influence  of 
meteorological  conditions  on  mortality,  it  would  be  in< 
Btructive  to  consider  briefly : — (1)  The  influence  of 
weather  on  the  mortality  at  different  ages ;  and  (2) 
The  influence  of  weather  on  the  mortality  of  the  two 
Bexea,  aa  shown  by  curves  of  Mr.  Bucban  and  Dr. 
lliitchell,  for  the  30  years  period  in  London  1845  to 
1874. 

The    most    striking   fact    exhibited  in   Fig.  5 1  is,  MofUiitr 
that  the  large  excess  of  mortality  in  summer  is  due  to  |^ 
the  deaths  amot^t  children  under  one  year,  which  is 
shown  by  the  enormous  development  of  the  diarrhces 
curve.     The  months  of  June  and  September  are  seen 
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to  be  those  attended  by  leaat  infoDtile  mortality.  Th« 
deatha  from  respiratory  diseases  during  the  winter  imJ 
spring  months  are  shown,  by  the  maintained  excessive 
height  of  the  respiratory  diseases  curve  at  those  seaMins, 
to  be  enormous  in  young  children.  The  mortality 
curve  at  the  opposite  end  of  Ufe,  in  persons  upwards  tt\ 

MoHalily  at  difftrent  Ages,  for  both  Sexei  and  ail  Cavxt. 

Jul      Pflb.     Minv:h    Apiil     tlaj     June      July    Aug.      Sept.      I 


80,  appears  to  be  a  very  simple  one,  having  its  man- 
mum  in  cold  and  its  minimum  in  warm  weather. 
Cold  and  heat  are  the  great  destroyers  of  the  infant 
life,  and  cold  and  not  heat  of  the  aged  in  London. 
Horuiitjof  The  period  of  the  year  when  females  have  a  higher 
death  rate  than  males  is  when  diseases  of  the  respin- 
tory  oi^ans  are  most  fatal,  and  the  period  when  females 
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have  a  lower  death-rate  than  males  is  when  diseases 
of  the  nervouB  system  ore  most  fatal 

Deaths  of  each  Sex  from  all  Cautes — Mala  being  represenltd 
by  ike  tolid  line,  and  Females  by  the  dotted  line. 
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The  cnrve  of  the  mortality  of  each  sex  consists  of 
three  distinct  portions,  a'  a'  the  reapiratoiy  disease 
mortality ;  b  h  the  nervous  disease  mortality,  and  c  the 
intestinal  disease  mortality.  The  respiratory  disease 
mortality  during  the  commencement  of  the  year,  a\  is 
higher  than  that  of  the  end  of  the  year,  after  undergo- 
ing this  excision,  because  it  is  held  up  by  the  two 
maxima  of  the  nervous  disease  mortality.  Nearly  the 
whole  of  the  intestinal  iitfection  nicirtality  is  created  by 
the  death  of  infants  under  one  year.  If  we  conid 
dimiuieh  the  mortality  to  any  considerable  extent  from 
these  three  kinds  of  disease,  namely,  the  respiratory, 
the  nervous,  and  the  intestinal,  the  curve  of  mortality 
would  become  very  much  flattened  and  approach  in 
appearance  the  curve  of  old  age.  Here  the  end  gene- 
rally comes,  it  would  seem,  from  some  respiratory  affec- 
tion, fig.  53. 
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No  more  space  can  be  allotted  for  the  considentkn 
of  tiie  rdatioiis  of  atmoeplienc  states  and  conditioni 
of  the  air  to  disease,  as  it  is  necessary  to  deecribe  die 
mode  of  observing  meteorological  variations  accordiog 
to  the  most  recent  and  approved  methods. 
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MODB  OF  0B8EEVINO  THE  MKTEOROLOGICAI,  STATES  AKD 
TABIATIONS  IS  THE  CONDmON  OF  THE  AHL 

In  commencing  a  series  of  meteorological  observa- 
tions, it  is  necessary  to  know  the  height  above  the  sea 
trf  the  place  of  observation. 

Thia  is  readily  found  by  making  a  seuch  for  the 
nearest  bench  mark  of  the  Ordnance  Survey,  and 
ascertaining  by  a  rough  estimation,  or  by  i 
the  help  of  a  surveyor  and  his  spirit  level, 
the  difference  between  the  level  of  that 
bench  mark  and  the  station  where  our 
instruments  are  exposed.  As  the  publi-  fi«.h. 
cations  of  the  Ordnance  Survey  are  not  readily 
accessible,  it  will  afford  me  much  pleasure  to  give  any 
applicant  the  height  of  any  bench  mark. 

The  hours  of  observation  that  are  best,  if  two  ob> 
servations  are  taken  daily,  are  9  A.M.  and  9  p.)f. 


^ 
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CHAPTER  XXXIL 

I 

1. ^THE  ATMOSPHERIC  PRESSURE. 

Buometeii.  THERE  aio  three  principal  classes  of  barometers — tbe 
syphon,  the  aneroid,  and  the  cistern.  The  wheel  baro- 
meter, so  common  in  the  passages  and  halls  of  houses, 
is  an  example  of  the  first  class,  and  is  useless  for  all 
scientific  purposes.  The  aneroid  is  not  a  thorou^y 
reliable  instrument,  unless  checked  frequently  by  means 
of  a  good  mercurial  barometer.  It  varies  veiy  much 
in  excellence  according  to  the  skill  and  delicacy  of 
workmanship  bestowed  on  it  Fortin's  cistern  baro- 
meter is  the  instrument  for  the  scientific  man.  The 
bulb  of  its  attached  thermometer  should  always  enter 
the  cistern.  A  long  strip  of  white  porcelain,  fixed  to 
the  board  at  the  back  of  the  scale,  facilitates  accuracy 
of  reading.  There  are  three  points  to  be  remembered 
in  making  an  observation  with  one  of  these  instror 
ments,  and  they  should  be  attended  to  in  the  order  in 
which  they  are  mentioned. 

Firstly,  The  temperature    of    the   attached  the^ 
mbmeter  should  be  noted  and  recorded. 

Secondly.  The  screw  at  the  base  of  the  cisteni 
should  be  adjusted  until  the  point  of  the 
ivory  cone  visible  within  it  meets  the  reflec- 
tion of  the  same  that  is  seen  on  the  surface  of 
the  mercury.     A  piece  of  looking-glass  placed 
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at  the  l)ack  of  the  cistern  is  ft  great  aid  to  the 
observer  in  dull  weather. 


r-^ 


X 


c.  Tube  DonUJnlng  mennuT.  /.  Sonw  far  alanUng  or  lo 

A  InnT  polot  fixed  to  top  of  cleteni,  Lenl  of  th«  mercaJ7  la  tJ 

Thirdly.  The  vernier  should  be  adjusted  so 
lover  horizontal  edge  forms  a  tan- 
gent to  the   convex   curve  of   the     . 
mercurial  column,  and  not  an  arc  to  ^ 
that  curv& 

There  are  corrections  to  be  considered 
in  making  barometrical  observations,  namely, 
those  for  index  error,  capacity,  and  capil- 
larity, furnished  by  the  certificate  of  verifi- 
cation from  the  Kew  Observatory,  which 
should  accompany  every  good  instnuuent ; 
the  correction  for  height  above  mean  sea 
level;  find  the  correction  for  temperature. 

Three  simple  arithmetical  calculations  have  then  to 
be  made  for  every  reading. 

(a.)  Correction  of  Kev  certificate. 
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(i.)  Eeduction  to  mean  sea-leveL 

(c.)  Eeduction  to  32**  Fahr. 
ippUMtkn        Tables  are  published  by  the  help  of  which  both  of 
^l^^!^     these  reductions  are  accomplished  easily  and  rapidly.* 
'•dtoi*-      Vide  Appendix.     For  example : — 


iodeoC 
tadiag. 


Observed  reading 
Eew  correction 


Deduct  temp,  correction  for  68"  F.  (attached  therm.) 
and  30  inches  .... 

Readmg  at  32"  F.  .  .  .  . 

Correction  for  height  (350  ft.),  the  air,  as  shown  by 
diy  bulb  therm.,  being  50''  F. 

Observed  reading  corrected  and  reduced  to  32*"  F.  at 
mean  sea  level  .... 


29-900 
-•015 

29-885 

-106 
29-779 

+•380 
30^1 59 


Adie's  barometers  are  useful  instruments,  in  which 
allowances  are  made  for  the  capillarity  and  capacity 
errors  in  their  construction.  There  are  two  kinds,  one 
adapted  for  a  house  or  observatory,  and  the  other,  the 
marine  variety,  which  will  work  efficiently  when  exposed 
to  the  motion  of  the  ship. 

In  making  an  observation  with  an  Adie*s  baro- 
meter, it  is  simply  necessary  to  read  the  height  by  the 
help  of  the  vernier,  and  apply  to  the  observed  reading 
the  necessary  corrections  for  height  and  temperature. 

The  exact  height  of  the  column  of  mercury  is  read 
thus : — 

In  Fig.  66  the  zero  of  the  vernier  is  on  a  level 
with  the  line  indicating  29|,  so  we  record  of  it 
29-50. 

*  A  lengthy  barometric  table  for  the  reduction  of  obeerrationB  to 
the  mean  sea  level  has  been  published  by  £.  J.  Lowe  of  Notting^btm. 
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If  the  zero  of  the  Termer  and  the  scale  oocapj  such 
^lotive  positions  as  ai«  sketched  in  Fig.  6  7,  we  read  the 
MTometer  to  one  thousandth  of  an  inch  in  this  vay : 

1.  Wb  see  that  tiie  reading  is  somewhere  between 

29  and  30,  so  we  write  down  29. 

2.  We  perceive  that  the  zero  of 

the  vernier  is  on  a  level  with 
a  part  of  the  scale  somewhere 
between  1  and  2  tenths, 
counting  upwards,  and  that 
it  is  more  than  1 J  or  'IS, so 
we  write  down  29-15, 

3.  We  then  glance  down  at  the 

subdivisions  of  tenths  on  the 

scale  and  on  the  vernier,  in 

order  to  discover  which  sub- 
division of  the  scale  lies  in 

one  and  the  same  straight 

line,  with  a  subdivision  on 

the  vernier.  In  the  accom- 
panying example  we  perceive 

that  this  takes  place  at  the 

line  on  the  vernier  just  above 

%ui8  3,  namely,  at  '034, 

which,  when  added  to  the 

scale  reading  29'15,  equals 

29-184,  which  we  call  the 

obeerred  reading. 
With  a  little  practice  barometer  ««■«. 

rndings  to  the  lOOOth  of  an  inch  "^^•^1,2; 
}an  be  taken  with  the  greatest  ease  uid  a  b  ii  um  lUiUiic 
md  rapidity.  " 

It  is  occasionally  desirable  to  ascertain  whether  the 


I--30 

I- --5 

Z-29 
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space  above  the  mercurial  column  is  devoid  of  air.  By 
gently  inclining  a  barometer,  so  as  to  allow  the  colonm 
of  mercury  to  strike  against  the  top  of  the  tube,  a 
sharp  metallic  click  should  be  heard.  If  such  a  sormd 
is  not  audible,  air  is  present  where  a  vacuum  should 
exist  If  the  air  cannot  be  expelled  by  inverting  the 
barometer,  it  should  be  taken  to  an  instmmeDt 
maker. 
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CHAPTER  XXXIII. 

2. ^THE  TEMPERATURE  OF  THE  AIR. 

The  thermometeiB  required  are  the  following : — 

The  dry  bulb  thennometer  of  Mason'a  hygro-  m 
meter,  described  on  p^e  379,  fumishea  the  tern-  *" 
perature  of  the  air  in  shade. 

A  mercurial  maximum  self -registering  thermometer, 
for  indicating  the  highest  temperattire  reached  by 
the  air  in  the  shade.  I  prefer  the  pattern  made 
by  Kegretti  and  Zambra,  but  those  of  other 
makers  are  very  good.  The  maximum  tempeia- 
ture  of  the  twenty-four  hours  generally  occurs 
nliout  3  P.SI. 

A  self -registering  minimum  thennometer  for  record- 
ing the  lowest  temperature  of  the  air  in  shade. 
Many  attempts  have  been  made  to  manufacture 
mercurial  minimum  thermometeia — (o)  Because 
in  spirit  minimum  thermometeia  there  is  a  ten- 
dency to  the  evaporation  of  the  spirit,  and  a  con- 
densation of  it  at  a  distance  from  the  column, 
and  to  the  breaking  up  of  the  column  into  dis- 
tinct portions ;  {b)  It  would  be  desirable,  if 
possible,  to  employ  the  same  fluid  mercury  for 
regiatenng  minimum  temperatures  aa  that  for 
recording  maximum  and  other  temperaturea. 
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Casella*s  mercurial  self-r^iisteriiig  Tninirnntn  ther- 
mometers are  most  beautiful  instruments,  but  cannot 
be  recommended  for  general  use,  as  tbey  require  the 
most  delicate  manipulation,  and  they  cannot^  it  appean^ 
be  made  so  as  to  stand  wear  and  tear.     I  have  had 
one  in  use  for  many  years,  and  it  has  never  once  been 
deranged  in  its  action,  but  it  was  selected  from  amongst 
many.    Negretti  and  Zambra  have  sold  for  years  a  me^ 
curial  minimum  thermometer  with  a  bulb  of  very  large 
dimensions.    This  firm  has,  I  believe,  improved  upon  it^ 
and  recently  patented  another,  which  I  have  not  yet 
seen  or  tested.    The  extra-sensitive  self -roistering  sj^nt 
minimum  thermometer  of  Casella,  with  a  forked  bulb, 
is  an  excellent  instrument     If  the  column  of  spnt 
should  happen  to  separate,  it  can  be  reunited  by  taking 
the  thermometer  in  the  hand  farthest  from  the  buIK 
and  giving  it  one  or  two  sharp  swings.     The  thenno- 
meter  should  then  be  hung  in  a  slanting  position,  so 
as  to  allow  the  rest  of  the  spirit  still  adhering  to  the 
sides  of  the  tube  to  drain  down  to  the  column.    If 
this  method  of  restoring  union  is  unsuccessful,  gentle 
heat  should  be  applied  very  carefully  to  the  end  of  the 
tube  where  the  detached  portion  of  the  spirit  is  lodged, 
so  as  to  drive  it  towards  the  column. 

The    minimum    temperature   of   the    twenty-four 
hours  generally  occurs  some  time  before  the  sun  rises. 

rhemean  The  mean  temperature  is  calculated  by  taking  the 
average  of  the  maximum  and  minimum  readings,  which 
is  so  near  the  true  mean  as  to  be  practically  correct 
It  is  almost  as  important  from  a  public  health  point 

[Udtiiy  of  view  to  note  tJie  daily  range  of  temperature  as  to 
observe  the  extremes  to  which  the  temperature  occa- 
sionally reaches.     The  mean  daily  range  of  tempera- 
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;iue  ia  obt^ed  by  deducting  the  average  daily 
PftTJina  fioin  the  average  daily  minima  temperatui«B. 

The  thermometers  which  have  been  adverted  to 
seing  employed  to  indicate  the  temperature  ot  the  air 
n  the  shade,  it  is  necessaty,  if  we  would  obtain  correct 
nfonnation,  to  protect  them  from  the  sunlight,  wet, 
itc,  whilst  at  the  same  time  penmtting  the  freest 
tccess  of  air.  Accordingly,  cases,  called  thermometer 
itands,  of  which  there  is  a  great  variety,  are  employed, 
n  which  the  instruments  are  suspended.  There  are 
[AVBon's,*  Glaisher'sjt  Martin's,  t  James',  §  Moms',  j{ 
^venson's,  IT  Griffith's,  IT  Stow's,  If  Welsh's  Eew  stan- 
lard,**  Pastorelli's,**  and  the  Meteorological  Society's 
itand. 

The  last  named,  which  appears  to  be  the  outcome 
iS  an  investigation  into  the  relative  merits  and  demerits 
>f  all  the  existing  thermometer  stands,  most  resembles 
StoVs,  but  ia  superior. 


ng.M. 


*  Described  in  Mtt.  Mag.,  Oct.  ISflS,  page  127. 

t  Dcacribed  in  Jfd.  Jfo^.,  Not.  186^  pag«  166. 

t  DcKribed  in  Met.  Mag.,  Dec  1808,  p^e  IM. 

I  Described  in  Met.  Mag.,  Dec  1868,  page  170. 

I  Deuribed  in  MtL  Mag.,  Jan.  1869,  page  187. 
1  Denribed  in  Met.  Mag.,  Feb.  1869,  pages  1,  %  8,  and  4. 
■*  D«Kribed  in  Mtt.  Mag.,  Haicb  18W,  p^e*  17, 18,  and  1>. 
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(a  a  a  a)  The  ttprights,  1^  by  ^  inch,  serve  fix 
the  suspeuBioD  of  the  mBximnm  and  miniimim  tbe^ 
mometers. 


Flg-M. 


(6)  Piece  of  thin  board  ^  inch  thick,  against  which 
Mason's  hygrometer  is  fixed.  It  stands  in  the  centre 
of  the  iaterioT  at  an  equal  distance  from  the  front  and 
back  of  the  stand. 

I  have  three  of  these  stands,  and  have  but  tbiee 
faults  to  find  with  this  form,  bs 
'  originally  proposed,  two  being  easily 
removed,  and  the  third  being  appa^ 
ently  inseparable  from  every  tbe^ 
mometer  stand  that  has  yet  been 
devised.  The  side  boards  were  not 
BnfBciently  thick  and  strong,  and  the  most  extemil 
board  that  forms  the  roof  is  apt  to  warp  unless  madeot 
a  hard,  very  well-seasoned  wood,  or  of  greater  thickness. 
An  external  coating  of  canvas  rather  increases  the 
mischieC  In  the  above  design  these  defects  have  been 
rectified.  The  irremedial  evil  is,  that  when  the  wind  end 
rain  blows  against  the.  &Dnt  of  the  stand  &om  the  north 
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uth,  the  thermometers  ara  liable  to  receive  a  vettiDg. 
inometer  stands  should  always  be  fixed  in  an  open 
e,  far  away  from  buildings  and  trees,  so  as  to  face  due 
h,  and  so  that  the  bulbs  of  the  thermometers  shall 
t  a  distance  of  exactly  4  feet  above  the  ground. 
t.  Solar  Maximum  JRadiation  TTiermometer. — Com-  bc 
tive  observations  with  solar  radiation  thermometers 
1  been  in  the  past  distinguished  for  their  discre- 
!y,  due  in  part  to  imperfect  construction  of  the 
mment,  and  partly  to  the  want  of  uniformity  in 
nting  and  observing  it. 

fhe  most  modem  and  best  thermometer  of  this 
1  has  its  bulb,  and  one  inch  of  its  stem  of  a  dull 
k.  Its  jacket  is  provided 
each  extremity  with  a 
inum  wire  to  teat  by  the 
of  a  EuhmkorfTa  coil  the 
■ee  of  rarefaction  of  the  air. 
Jie  interior  of  the  jacket 
perfectly  clean,  free  from 
rture,  and  sufficiently  ex- 
ited, a  pale  white  phosphor- 
nt  light,  with  faint  stratifi- 
ions  and  an  appearance  of 
averse  bands  will  be  visible. 
Stow  has  drawn  up  the 
iwing  suggestions  for  ob- 
ers,  which  have  been  almost 
rersaUy  adopted : — 
,  Adjust  the  instrument  foar 

feet  above  the  ground 

in  an  open  space, with 

its  bulb  directed  towards  the  S.  E. 
2b 
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necessaiy  that  the  globular  part  of  the  exter 
nal  glass  should  not  be  in  contact  with,  or 
very  near  to  any  substance,  but  that  the  air 
should  circulate  round  it  freely.  Thus  placed, 
its  readings  will  be  affected  only  by  direct 
sunshine,  and  by  the  temperature  of  the  air. 

2.  One  of  the  most  convenient  ways  of  fixing  the 

instrument,  will  be  to  allow  its  stem  to  fit 
into  and  rest  upon  two  little  wooden  oollan 
fastened  across  the  ends  of  a  narrow  slip  of 
board,  which  is  nailed  in  its  centre  upon  a 
post,  steadied  by  lateral  supports. 

3.  The  difference  between  the  maxima  in  sun  and 

shade  is  a  measure  of  the  amount  of  solar 
radiation. 
It  has  been  found  that  solar  radiation  attains  its 
maximum  in  most  parts  of  the  country  during  May, 
and  its  minimum  during  December,  and  that  it  is 
greater  on  the  western  than  on  the  eastern  side  of 
England.* 

5.   Terrestrial  Minimum  Therm/muter, — The  spirit 


Fig.  «2. 


minimum  with  a  bifurcated  bulb,  exactly  similar  to  the 
minimum  thermometer  for  shade  temperatures,  with  a 

•  Vide  **  Solar  Radiation  1869-74,"  by  Rev.  F.  W.  Stow,  in  Q^af 
Urly  Joumod  of  Meteorological  Society,  October  1874. 
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ibstitution  of  a  jacket  for  protection  in  place  of  a 
OTcelain  scale  and  hard  wood  back,  ia  an  excellent 
istrament. 

This  thermometer  is  exposed  on  grass  which  is 
ept  closely  cut,  and  should  he  surrounded  by  some 
rraugement  for  protecting  it  from  dogs  and  other 
aimals.  A  circular  vire-fenoe,  similar  to  that  de- 
leted in  Fig.  63,  is  the  hest  with  which  I  am  acquainted. 

The  obscurity  produced  by  a  condensation  of  moist- 
re  within  the  jacket^  and  the  destruction  of  the  material 
mployed  for  rendering  the  divisions  on  the  stem  di&> 
net  from  the  same  cause,  have  sorely  troubled  observeie 
1  the  past. 


As  received  from  tiie  instrument  maker  a  terrestrial 
linimum  thermometer  is  generally  attached  to  Its 
icket  by  a  stufBng  of  strips  of  india-rubber. 

Many  remedies  have  been  proposed.  A  packing  of 
blonde  of  calcium,  or  of  putty  and  sealing  wax,  or  a 
ored  cork  painted  over  on  its  exterior  with  2  or  3 
lyers  of  asphalte,  or  an  air-tight  ground  joint  Some 
ave  bored  a  hole  at  the  closed  end  of  the  jacket,  and 
thets  have  discarded  the  jacket  altogether. 

I  would  recommend  that  this  last  named  plan  be 
dopted,  or  that  a  bored  india-rubber  cork  be  employed, 
tainted  externally  with  several  coats  of  asphalte,  or 
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that  the  thermometer  be  fitted  to  the  jacket  like  a 
stopper  to  a  bottle.  In  either  case  the  markings  <m 
the  stem  should  be  rendered  indelible  in  the  manner 
described  on  page  376. 

Every  thermometer  should  be  numbered  and  gradu- 
ated on  the  stem,  and  should  be  verified  by  comparison 
with  standard  instruments. 

A  special  department  at  the  Kew  Observatory 
occupies  itself  with  the  verification  of  meteorological 
instruments,  charging  a  small  fee  for  the  labour.  No 
one  should  buy  a  thermometer  or  barometer  unless  it 
is  provided  with  a  recent  certificate  of  the  verification 
of  the  same. 

Proof  of  the  Necessity  for  the  Verification  of  Ther- 
mometers,— The  inaccuracies  in  the  readings  of  ther- 
mometers, which  render  a  verification  of  all  a  necessity, 
are  due  partly  to  the  difference  in  the  diameter  of  the 
bore  throughout  their  entire  length,  which  defect  appears 
to  be  inseparable  from  their  manufacture,  and  partly  to 
the  tendency  which  thermometers  have  to  read  higher 
from  age. 

It  is  sometimes  difficult  indeed  to  find  two  thermome- 
ters, out  of  a  large  number,  that  read  exactly  alike.  Here 
is  a  certificate  of  verification  from  the  Kew  Observatory, 
which  belongs  to  a  thermometer  in  my  possession : — 


At  32° 

0-0 

„   42- 

0-0 

„  br 

+  01 

„    62° 

—01 

.,    72° 

+  0-1 

Jf.B, — When  the  sign  of  the  correction  is  +  the 
quantity  is  to  be  added  to  the  observed  scale  reading, 
and  when  —  to  be  subtracted  from  it. 
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They  may  in  truth  be  likened  to  human  faces,  for 
scarcely  two  aie  to  be  found  very  closely  resembling 
one  another.  Dr.  Prior,  of  Bedford,  in  a  paper  on 
"  The  Thenuometer  in  Disease,"  read  before  the  South 
Midland  Branch  of  the  British  Medical  Association  in 
1867,  relates  an  experiment  of  comparison  which  he 
made  with  five  thermometers,  three  of  them  being 
medical  instruments.  He  placed  them  all  in  water  at 
a  temperature  of  105°  or  106°,  and  allowed  it  gradu- 
ally to  cool.  The  result  ia  here  given  in  his  own 
words :  "  No  two  of  them  precisely  corresponded  at 
any  time."  A  mercurial  maximum  thermometer  was 
Bome  time  ago  purchased  by  one  of  my  Meods,  of  each 
of  the  most  eminent  meteorol<^cal  instrument-makers. 
Iliey  were  compared  togetiier,  and  all  found  to  differ 
&om  each  other. 

Mr.  Alexander  Buchan  states  •  that  he  recently  com- 
pared a  number  of  fiist-class  high-priced  thermometers, 
every  one  of  which  was  from  1'2°  to  I'T"  too  high. 

Some  thermometers  have  been  offered  to  the  public 
with  the  assurance  that  "  every  instrument  ia  carefully 
verified  by  a  Kew  standard  thermometer;"  which  simply 
means  a  well-made  thermometer  that  has  been  verified 
at  the  Kew  Observatory — one,  in  fact,  whose  errors  are 
known.  A  thermometer  which  had  been  thus  verified 
has  recently  been  sent  by  me  to  this  observatory.  The 
certificate  returned  with  it  contained  the  following  cor- 
rections : — 

At    90'       .         .         .     —0-2 


*  Sandg  Book  of  MtUoralogff.    BUckwood.    1867. 
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Another  thermometer  sent  oat  by  a  different  maker 
is  in  my  possession,  which  was  ^  guaranteed  aoconte 
in  its  indications,  having  been  compared,  d^ree  by 
degree,  with  a  standard  thermometer  verified  at  Kew." 
It  is  about  *4  of  a  d^ree  in  one  part  of  the  scale,  and 
'5  in  another  part,  higher  than  is  correct 

Here  is  the  certificate  of  a  third  thermometer,  which 
was  supposed  to  be  perfectly  accurate  before  returned 
from  the  Kew  Observatory : — 

—0-3 
— 0-4 

—0-6 

—0-4 

>-4 


At 

85- 

>i 

90* 

» 

95' 

» 

100* 

n 

105' 

It  is  not  by  any  means  an  easy  matter  to  veiify 
thermometers  with  precision.  The  verification  can  only 
be  satisfactorily  conducted  by  means  of  instruments 
specially  adapted  for  the  purpose,  such  as  are  to  be 
found  in  the  great  observatories. 

It  should  be  done,  moreover,  with  the  greatest  care, 
by  men  who  are  accustomed  to  the  work. 

The  following  memoranda,  which  were  published  in 
a  paper  *  read  before  the  British  Medical  Association 
in  1869,  may  be  advantageously  repeated : — 

(a.)  Mercurial  thermometers  which  are  two  or  three 
years  old  are  always  to  be  preferred. 

(b.)  No  instrument  should  be  purchased  without  a 
certificate  from  an  observatory  of  its  reeeni 
verification. 

Mercurial  thermometers  are  liable  to  read  higher 
than  is  correct  through  age ;  and  this  change  especially 

•  "  Remarka   on    Clinical   Thermometers."— iferfico/    Timet  »nd 
OazetU,  Oct.  16,  1869. 
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occniB  during  the  year  or  two  immediately  aucceediog 
tiieir  period  of  coufitructioD.  The  bulb  having  been 
fonned  by  the  action  of  heat,  undergoes  contraction 
after  its  manufacture,  the  fibres  of  the  glass  taking 
some  little  time  to  assume  their  permanent  position. 
Hence  it  has  been  usual  amongst  some  makers  of 
meteorol<^cal  instruments  to  lay  down  their  ther- 
mometeis,  like  their  port,  for  improvement  with  age, 
before  engraving  the  scale  on  their  stems.  "  By  quite 
ft  recent  discovery  in  the  manufacture  of  these  instru- 
ments," writes  one  who  sells  thermometers,  "  the  glass 
bulb  of  the  thermometer  is  reduced  to  its  ultimate 
degree  of  contraction  before  the  stem  is  divided,  thus 
obviating  the  necessity  of  keeping  the  tubes  filled  for 
the  space  of  one  or  two  years  before  dividing  them, 
and  rendering  it  possible  to  make  an  absolutely  accu- 
rate instrument  in  a  week."  With  the  object  of  ascer- 
tainii^  the  truth  of  this  statement,  I  made  a  careful 
examination  of  one  of  these  thermometers,  and  dis- 
covered  that  it  was  incorrect.  Its  readings  were  about 
two-fifths  of  a  degree  too  high. 

The  verification  of  a  two  or  three-year-old  mercurial 
thermometer  at  an  observatory  should  not  be  relied  on 
as  a  guarantee  of  the  perpetual  accuracy  of  an  instru- 
ment. The  authorities  of  the  Kew  Observatory  conse- 
quently append  to  their  certificates  the  foUowiDg 
amidst  other  notes : — "  This  instrument  ought,  at  some 
future  date,  to  be  again  tested  at  the  melting-point  of 
ice,  and  if  ita  reading  at  that  point  be  foimd  different 
from  that  now  given,  an  appropriate  correction  ought 
to  be  applied  to  all  the  above  pointe." 

The  markings  on  the  stem  of  thermometers  which  lUAhi^  at 
indicate  the  degrees  and  parts  of  degrees,  are  exceed-  ^^^^ 
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ingly  apt  to  crumble  away  and  disappear  after  but  a 
short  exposure  to  the  air,  for  the  reason  that  instra- 
ment  makers  do  not  know  of  a  durable  composition 
with  which  to  form  them.  The  markings  of  the  divi- 
sions may  be  replaced  by  the  observer  in  either  of  the 
following  modes : — 

The  stem  of  the  thermometer  having  been  thoroughlj 
cleansed  by  scrubbing  it  with  an  old  tooth-brush  dipped 
in  a  mixture  of  strong  aqueous  caustic  soda  and  metiiy- 
lated  spirit  in  equal  proportions,  is  washed  with  water 
and  dried.  Silicate  of  soda  is  mixed  with  water  suf- 
ficient to  produce  a  syrupy  solution.  A  little  of  this 
fluid  is  mingled  with  some  lampblack,  so  as  to  form  a 
paste,  which  is  brushed  over  the  divisions  as  a  coating. 
The  thermometer  is  rolled  between  a  flat  piece  of  wood 
and  a  strip  of  cardboard,  so  as  to  remove  all  of  the 
black  coating  from  the  stem  except  that  which  fills  the 
grooved  lines  of  the  divisions.  By  means  of  another 
brush  dipped  in  the  clean  syrupy  solution,  a  coating 
of  this  artificial  glass  is  rapidly  spread  over  the  whole 
of  the  stem  of  the  thermometer,  which  is  then  allowed 
to  dry. 

Some  mix  with  the  syrupy  solution  of  sodic  silicate 
some  common  precipitated  manganic  dioxide,  to  which 
a  little  lampblack  has  been  added. 

Others  smear  over  the  scale  of  divisions  on  the 
stem  some  compound  of  lead,  converted  into  a  paste 
with  a  solution  of  silicate  of  soda.  The  paste  which 
does  not  fill  the  lines  is  rapidly  removed  by  rubbing 
the  stem  of  the  instrument  between  two  smooth  sur- 
faces. The  divisions  containing  the  paste  are  then 
brushed  over  with  a  little  ammoniimi  sulphide,  which 
forms  with  the  lead  the  black  sulphide  of  lead. 
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CHAPTER  XXXIV. 

3. — THE  HTGHOMETEIC  CONDITION  OF  THE  AIH. 

The  hygrometric  state  (rf  the  air  is  determined  by  noirtn"  m 
— Isi.  An  estimation  of  the  amount  of  water  which  ^^  ^. " 
reaches  the  earth  in  the  fonn  of  rain,  hail,  snow,  and  "^"s^  ••*■ 
fog;  and  2d.  A  consideTation  of  the  indications  of  the  ua sp«ctn 
hygrometer,  an  instrument  for  detennining  the  amount  •""'*■ 
of  aqueous  vapour  present  in  the  air,  near  the  surface 
of  the  earth. 

The  amount  of  moisture  in  the  higher  and  distant 
strata  of  the  atmosphere  may  be  roi^hly  mdicated  by 
the  degree  of  development  of  the  atmospheric  lines  of  the 
solar  spectrum,  close  to  D,  on  its  red  side  and  c^  as 
seen  by  a  simple  waistcoat-pocket  spectroscope.* 

The  degree  of  humidity  of  the  air  ift  affected  by 
many  circumstances — such  as  direction  of  the  wind, 
temperature,  season  of  the  year,  distance  from  masses 
of  water,  and  configuration  of  the  land  over  which  it 
lies. 

Selative  humidity  at  Halle,  found  by  Samtz,t  as  a 
mean  of  several  years'  observations,  during  each  month 
of  the  year,  and  for  each  wind : — 

•  An  KTticle,  entitled  "  Rain-Band  Spectroscopy,"  by  Professor  P. 
Smyth,  in  the  Traiu.  SeoliiA  Meteor.  Soc.,  Noa.  61-Gi,  coDtuns  soms 
information  on  this  nbject  rery  uKful  to  those  who  have  not  worked 
at  the  ■pectroKope  in  connection  vith  meteorology. 

+  Conn  Compkt  dt  litUarohgit,  p.  92. 
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J«. 

FBb. 

Xh. 

ApriL 

«^. 

Jnw. 

Jolj. 

AOg. 

Sept. 

Oct 

KOT. 

Dk 

85-0 

79-B 

78-* 

71-4 

69-1 

6B7 

6«'5 

Sl-O 

72-fl 

78» 

86-3 

u-t 

In  Halle  December  has  most  hmnid  air,  and  Angnst 
tbe  driest 

N.      78-5  &        73-6 

N.E.  77-6  S.W.    74-S 

K      73-0  W.       74-4 

S.E,  74-8  N.W,   76-5 

A  Sain  Gaitge,  quite  good  enough  for  all  practical 

purposes,  can  be  purchased  for  about  half-a-guinea,  the 

glass  measure,  which  is  divided  into  x^ths  of  an  inch, 

being  included. 

It  should  be  fixed,  by  means  of  four  or  more 
wooden  stakes,  firmly  into  the  ground,  so  that  its  snin- 
mit  is  12  inches  above  the  surface.  The  farther 
removed  the  site  is  from 
buildings  and  trees  the  bet- 
ter. It  should  always  1« 
as  far  from  a  neighbouring 
object  as  that  object  is  high. 
Snow  should  be  melted  be- 
fore it  is  measured. 

Printed  directions  for 
making  observations  gener- 
ally accompany  these  in- 
struments. Any  informa- 
tion as  to  the  estimation  of 
^"  the  rain  is  freely  given  by 
iwaa.iig.    FigM  Mr.    Symons,    of    Camden 

Square,  London,  who  is  at  the  head  of  all  rainfall  r^is- 
tration  in  this  country.  The  form  for  the  r^istration 
is  to  be  found  in  the  Appendix. 
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Dr.  French,  the  late  Medical  Officer  of  Health 
for  lireipool,  was  strongly  impreased  with  the  belief 
that  there  is  an  inverse  ratio  between  the  rainfall  and 
the  amount  of  mortality  from  infantile  summer  diarrhcea. 
If  this  disease  is  dispersed,  or  rendered  less  virulent 
by  an  excessive  rainfall,  it  is  often  superseded  by 
catarrhal  and  rheumatic  afTections,  which,  although  less 
mortAl,  are  often  exceedingly  intractable,  and  sometimes 
lead  to  serious  results. 

The  amount  of  aqueous  vapour  present  in  the  air  is 
determined  by  instromeDta  called  hygrometers,  of  which 
there  is  a  great  variety. 

Seynault's  and  Mason's  hygrometers  are  generally  n 
preferred ;  but,  as  the  working  of  the  former  instrument 
with  ether  and  an  aspirator  is  troublesome,  the  latter 
has  almost  entirely  supplanted  it  in  every-day  practice. 
It  consists  of  two  verified  thermometers,  fixed  side  by 
side ;  the  bulb  of  one  being  kept  always  damp  by  a 
covering  ofmuslin  connected  with'a  little  reservoir  of  dis- 
tilled water  by  means  of  a  lamp  wick.  Great  mistakes 
are  commonly  made  in  the  adjustment  of  the  muslin, 
lamp  wick,  and  water  reservoir.  I  have  seen  a  hygro- 
meter in  the  observatory  of  a  Philosophical  Society 
with  the  wet  bulb  arranged  in  the  manner  here  depicted : 


Tit*  iMpropfli  HodB. 


Bullw  of  Hum'i  Hnn)Dwt«n. 
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In  the  first  sketch  the  wet  bulb  is  smothered  in 
wet  muslin^  to  which  is  attached  a  piece  of  lamp  wick 
as  large  as  one's  little  finger,  whilst  close  below  the 
bulb  is  an  open  vessel  full  of  water.  Every  provisum 
would  seem  to  be  made  here  for  producing  an  artificial 
local  dampness  of  air  around  the  bulb,  and  for  rendeiiii^ 
it  simply  impossible  that  the  thermometer  should  really 
furnish  us,  by  indicating  the  temperature  of  an  evapo^ 
ating  surface,  with  the  true  hygnmietric  state  of  the  air 
in  the  neighbourhood. 

The  finest  muslin,  which  generally  contains  starch, 
should  be  boiled  in  distilled  water  to  extract  it  Lamp 
wick  should  be  boiled  in  distilled  water  and  a  little 
carbonate  of  soda  to  remove  all  grease.  The  smallest 
thread  of  lamp  wick  that  will  keep  the  muslin  per- 
manently damp  should  be  employed,  and  the  little 
reservoir  of  water  should  be  fixed  away  fnMn  the  bulb, 
so  as  not  to  create  a  local  artificial  climate. 

The  first  drawing  represents  the  ignorant  and  care- 
less use,  and  the  second  drawing  the  intelligent  employ- 
ment, of  the  hygrometer. 

The  hygrometer  is  fixed  against  a  thin  board  that 
occupies  the  centre  of  the  thermometer  stand.  Like 
the  other  shade  thermometers  it  should  face  the  north. 
If  the  air  is  saturated  with  moisture  there  is  little,  if 
any,  difference  between  the  readings  of  the  dry  and 
wet  bulb  thermometers.  The  readings  of  the  wet  bulb 
are,  as  a  rule,  lower  than  those  of  the  dry  bulb  the^ 
mometer.  The  generally  accepted  statement  that  the 
greater  the  difierence  between  the  dry  and  wet  bulbs, 
the  less  is  the  amount  of  watery  vapour  present  in  the 
air,  requires  some  qualification. 

An  increase  of  temperature,  by  expanding  the  air, 
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and  thus  separating  the  particles  farther  from  each 
other,  increases,  whilst  a  fall  of  temperature,  by  draw- 
ii^  them  closer  together,  diminishes  the  capacity  of  the 
air  for  moisture.  Air  of  a  temperature  of  5 72  dry 
bolb,  and  51  vet  bulb,  with  a  relative  humidity  of  64, 
may  contain  exactly  the  same  amount  of  vapour  in 
grains  per  cubic  foot  (3*4),  as  air  of  a  temperature  of 
70"5  dry  bulb,  and  568  wet  bulb,  with  a  relative 
humidity  of  42,  The  semi-diurnal  rise  of  temperature 
is  more  frequently  accompanied  by  an  increased  capacity 
of  the  air  to  absorb  moistiure,  than  an  actual  increase 
in  its  amount. 

The  relative  humidity  of  or  percentage  of  moisture 
in  the  air,  is  afforded  by  reference  to  a  table  in  the 
Appendix,  * 

One  of  the  best,  if  not  the  best,  hygrometer  for 
popular  use,  as  it  requires  no  tables  and  calculations, 
is  one  that  was  designed  by  Mr.  Lowe  of  Boston,  U.S., 
and  is  employed  in  France.  It  is  especially  adapted 
for  the  sick  room,  as  it  can  be  easily  managed  by  an 
intelligent  nurse  iu  accordance  with  the  instructions  of 
the  physician.     Fig.  66. 

It  consists  of  two  theimometers  precisely  alike, 
the  bulb  of  one  being  dry  and  the  other  kept  always 
moist.  On  the  inner  side  of  the  dry  bulb  scale  is  a 
third  scale,  on  which  two  indices  move  up  and  down. 
In  the  central  portion  of  the  lower  part  of  the  hygro- 
meter is  a  screw  head  with  a  pointer  attached  to  it. 

"  The  fullest  infonnation  as  to  the  use  of  Muon's  hygrometer,  and 
the  c»]cu)>tioa  of  the  dew  point,  etc,  Uto  befoaodm  Juugb  GliiUher'a 
Hj/ffromttrie  Tablet,  luiaptad  to  the  dry  and  wet  hulb  thennometerB. 
Sd  edition.     Tajlor  and  FmuciB,  Fieet  Street,  London. 

The  tables  prepared  by  William  Bone,  which  are  obtainable  from 
Hegretti  and  Zambra,  are  also  nseful. 
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By  the  help  of  the  Tertical,  obliqae,  and  horizontal  linn 
the  relative  hiimidity,  dew  point,  and  elastic  foroe  of 
vapour  of  the  air  may  be  Been  at  any  moment  at  i 


Pig.  ML 


glance.     The  instructiona  as  to  the  mode  of  workup 

the  iaatrutnent   are  thus   given   in  the  Mettorolcgicd 

Magaziiie  of  December  1877  : — 
u„t-t  "  (1)  B«ad  the  dry  bulb  thermometer  and  raise  tJie 

anramMsr.  ggrew  head  in  order  to  set  the  upper  index  on  the 

extra  scale  at  the   dry  bulb  temperature;   (2)  read 
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the  wet  bulb,  and  turn  the  screw  head  until  the  lower 
index  is  at  the  wet  bulb  temperature.  The  extremity 
of  the  long  hand  will  then  point  to  (a)  the  relative 
humidity ;  {b)  the  dew  point ;  and  (c)  the  elastic  force 
of  vapour,  according  as  one  reads  the  vertical,  oblique, 
or  horizontal  lines."  The  only  objection  to  this  instru- 
ment ia  that  very  common  one  which  has  already  been 
adverted  to  in  referring  to  Mason's  hygrometer,  as  to 
the  position  of  the  reservoir  of  water,  etc  This  defect 
can,  of  course,  be  easily  removed. 


*   I 
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CHAPTER  XXXV. 

4. THE  DIRECTION  AND  STRENGTH  OF  THE  WIND. 

The  direction  of  the  wind  is  easily  ascertained  by 
noting  the  movements  of  the  lowest  stratum  of  clouds. 
Upper  strata  of  clouds  are  sometimes  to  be  seen 
travelling  in  opposite  direction  to  those  in  which  the 
lower  are  moving. 

The  strength  of  the  wind  is  estimated  by  its  velocity 
Anemo-  or  prcssurc.  Instruments  named  anemometer?  tire 
jJJJ^J^*  employed  to  register  its  velocity,  and  pressure  plates 
piat«.        its  force. 

The  belief  of  meteorologists  in  anemometers  has 
suffered  a  rude  shock  by  the  investigation  made  by  the 
Eev.  Fenwick  Stow,  on  a  simultaneous  comparison  of 
the  beha\dour  of  different  anemometers.*  He  dis- 
covered that  the  results  were  discordant,  and  that  the 
indications  of  the  only  instrument  which  comes  within 
the  reach  of  the  purses  of  most  of  us,  namely,  Eobinson's 
cup  anemometer,  are  very  fallacious. 

Pressure  plates  are  open  to  several  objections,  and 
are  generally  costly  contrivances,  arranged  with  vanes, 
so  as  to  keep  the  surface  of  the  plate  always  at  right 
angles  to  the  flow  of  the  wind. 

The  cheapest  and  simplest  which  I  have  seen  is  one 

*  **  On  Large  and  Small  Anemometers.  ** — Quarterly  Journal  of  tk 
Meteorological  Society,  April  1872. 
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lat  has  recently  been    introdaced    by  Mr.  Thomas 
teveoson,  which  can  be  obtained  for  24b.* 


rif-m. 


A  is  a  wood  box,  ^  inch  thick,  attached  to  the  top 
ha  stake  fixed  in  tha  ground,  which  turns  with  the 
rind  on  a  vertical  axis. 

b  ia  a  small  disc,  fixed  on  a  light  brass  tube,  ^  inch 
1  diameter,  which,  rests  on  two  brass  rollers. 

B  is  a  laigar  disc,  fixed  on  a  light  brass  tube,  ^  inch 
1  diameter,  which  rests  on  two  brass  rollers. 

When  acted  on  by  the  wind  the  brass  spring  S  is 
>ngtkened,  the  maximum  elongation  being  recorded  by 
fine  thread  attached  to  the  rod,  which  is  pulled 
brough  a  small  hole  in  a  brass  plate  (t)  fixed  to  the 
ide  of  the  box.  The  rods  are  graduated  by  weights, 
ach  division  corresponding  to  the  elongation  of  the 
pring,  due  to  a  weight  of  1  ounce. 

"  To  ascertain  the  maximum  elongation  that  has 
iken  place  in  the  observer's  absence,  press  the  thread 
gainst  t,  then  push  in  the  disc  until  the  part  of  the 
bread  which  had  been  drawn  through  the  hole  in  f  is 
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again  dnwn  '  taut,'  and  lead  off  the  lesnh  from  die 
gRMlnated  tube." 


iMlbm,pttwq.  tL 
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3-44 
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1-05 
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-SO 

31 

•«2 

Aiig.1 

1-54 

2 

12-00 

sodden 


Wesdier  described  in  news- 
paper as  a  heaTj  gaJe. 

When  the  disc  is  6  inches,  the  factor  for  ledndng  the  divisioDs 

(doe  to  presBores  of  1  oz.),  to  the  stand- 
aid  of  lbs.  to  the  sq.  ft.  is         .     -318 
Do.  3  da  da  .  1-273 

Do.  li  da  do.  .     5D9 

This  variety  of  pressure  gauge  has  been  constnictetl 
for  storm  stations  with  one  disc  of  3  inches  diameter, 
and  the  other  1^  inch,  but  admitting  of  a  6  inch  one 
being  put  on  at  any  time  when  the  winds  are  light. 

One  great  objection  to  these,  as  to  ahnost  all  other 
wind  pressure  plates,  is,  that  they  only  move  in  a  hori- 
zontal line.  Supposing  the  wind  to  descend  upon  them, 
or  ascend  towards  them,  in  sudden  gusts,  they  do  not 
feel  and  therefore  cannot  register  its  force, 
ftbtofor  I  have  been  in  the  habit  of  employing  the  accom- 

Bsu  of  force  panying  table  (extracted  from  Buchan's  Mete(yrology)  for 
many  years,  and  think  it  can  hardly  be  improved  upon 
as  a  guide  to  the  formation  of  a  rough  estimate.  The 
scale  is  0  to  6,  0  representing  a  calm,  and  6  a  hurri- 
cane, a  violence  of  wind  which  is  unknown  in  this 
country. 
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CHAPTER   XXXVL 

5. ^THE  ELECTRICAL  STATE  OF  THE  ADL 

Tms  subject  may  be  discussed  under  two   heads: — 
(1)  As  to  the  mode  of  coUectmg   atmospheric  elec- 
tricity; (2)  As  to  the  mode  of  deteimining  its  kind, 
whether  positive  or  n^ative,  and  its  tension. 
0^  (1.)    Mode   of    collecting   atmospheric    electricity. 

Various  contrivances  have  been  employed — such  as  an 
insulated  metal  point ;  a  kite ;  a  pole,  with  an  insulated 
pointed  wire,  or  bundle  of  copper  wires,  or  conducting 
ball  on  its  summit,  connected  by  an  insulated  wire  with 
an  electrometer ;  a  rod  with  a  burning  fuse  or  match ; 
a  copper  tube,  with  an  oil  lamp  always  burning  attached 
to  its  extremity ;  an  insulated  can  of  water,  with  a  fine 
discharging  tube  dropping  minute  quantities  of  water 
through  the  air;*  balloons  with  wire  coverings ;t  a 
spirit  lamp  on  an  insulated  stand ;  a  gas  jet,  so  con- 
structed that  it  cannot  be  extinguished  by  the  wind; 

The  insulated  can  of  water  is,  of  course,  useless  in 
frosty  weather,  and  troublesome  when  it  is  desired  to 

*  A  description  of  this  may  be  found  in  DeackameC*  Naihural  FhHo- 
iophy,  by  Professor  Everett,  part  8,  page  604. 

t  Nouveau  ProcidU  pour  Eiudier  VElectridU  Atmospherique,  ptf 
M.  Monnet.  Published  by  the  Society  dee  Sciences  Indnstrielles  de 
Lyon. 
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make  obeervatioDS  at  differeDt  places;  otherwise  the 
-water  dropper  is  a  most  convenient  apparatus. 

Sir  Wm.  Thompson  employs  for  travelling,  in  con- 
nection with  his  portatle  electrometer,  blotting  paper 
steeped  in  a  solution  of  nitrate  of  lead,  dried,  and  rolled 
into  matches,  which  are  attached  to  a  brass  rod  project- 
ing from  the  instrument. 

(2).  Mode  of  determining  its  kind,  whether  positive 
or  negative,  and  ite  tension. 

The  electrical  condition  of  the  aii  has  been  most 
&e^uentlf  determined  in  the  past  by  the  employment 
of  an  electrometer,  which  ia  figured  in  almost  every 
meteorological  work  and  catalogue  of  instruments.  It 
theieforo  needs  no  description,  beyond  stating  that  its 
essential  parts  aro  gold  leaves  and  a  brass  rod  two  feet 
long,  with  a  lighted  fusee  composed  of  nitrate  of  lead 
to  collect  the  electricity.  As  a  glass  rod,  when  rubbed, 
produces  posUive,  and  a  stick  of  sealing  wax,  when  thus 
treated,  negaiive  electricity,  and  as  all  bodies  aimilarly 
electrified  repel  each  other,  whilst  those  oppositely  elec- 
trified attract  one  another,  the  custom  has  been  in 
employing  this  instrument  to  apply  the  excited  sticks 
in  turn,  in  order  to  ascertain  the  kind  of  electricity 
with  which  the  gold  leaves  divei^  It  will  indicate 
the  presence  of  the  electric  finid  on  almost  any  fine 
night,  and  wiU  show  by  the  aid  of  the  rod  of  glass  or 
wax  the  positive  or  negative  character  of  it,  but  the 
intensity  of  the  same  is  not  referable  to  any  accurate 
scale. 

It  is  now  almost  abandoned  for  investigations  as  to 
the  electrical  condition  of  the  atmosphere.  The  only 
instruments  with  which  I  am  acquainted  that  are  of 
any  service  in  diese  delicate  invest^tions  as  to  the 
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nature  md  tenson  of  ataaefbaie  dectriatj  ue  Sit 
William  TbompMii's  potable  dectrometer,*  Uemi. 
EBion  sod  Co.'«  modification  <tf  HMmpson's  qnadnut 
electrometer,  Pelner'a  etertrometg,  t  Lamcmt'B  dectn- 
meter,  and  Palmieri's  elertzometec  Tbompaon^  port- 
able elecOomecer  is  easQy  managed,  but  if  it  is  tnoe 
oat  of  order,  or  has  berai  ne^ected,  is  abnoot  bc^ 
lenlyrnined.     Ibi  price  is  £10: 10s.     EltiottandC^'s 


A.  Tlu  iMdla  with  DUmiT.  B.  Tho  Lar^v  Ju.  C.  E 
tloD  irlth  bodj  lo  be  tsUd.  CKlKtrods  In  obbbUob  wIU  tba  Mrtk.  D.  C^F- 
pei  tetttl  ODUInlng  nMr.  E.  Brwrn  pipt,  with  tap.  Upend  to  dbclvflit 
oiMm.     F.  OUuHnn.    O  O.  Pnmln  molitned  witk  n^ark  add.    HH.ttw 

cue  lllivd  wltta  EMU  peRb*.    I L  aactton  of  waU. 

modification  of  Thompeon'B   quadrant  electrometa  i* 
not  at  all  portable,  but  is  cheaper,  being  £6  :  6&    It 

*  ObUiiiablB  in  thia  coonti;  from  Juua  Wliite  of  GlHgow. 
t  Both  obtainabU  foim  Mean.  Elliott  ud  Co.,  118  Bt  UiitiB'i 
lAM,  London. 
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requires  a  collector  which,  if  an  insulated  caa  of  water, 
costs  an  extia  three  guineas.  Some  excellent  drawings 
of  the  former  or  the  portable  instrument  are  to  be 
found  in  Noad!s  Studmtif  Text-Book  of  Electricity,  pages 
466  and  467  and  in  DeackaneTs  Natural  Philosophy, 
hj  Professor  Everett,  part  iii  page  593.  The  latter  has 
nowhere,  to  my  knowledge,  in  conjunction  with  the  in- 
sulated can  of  water  collector,  been  delineated.  Peltier's 
electrometer  has  been  employed  for  more  than  30 
years  at  Brussels  by  M.  Quetelet,  and  is  described  in 
the  Annuaire  Meieoroloffique  de  France,  1850,  p.  181, 
Falinieri's  electrometer  is  hardly  known  in  this  country, 
Imt  is  valued  in  Italy,  Austria,  and  France.  M.  Branly's 
modification  of  Thompson's  electrometer  is  also  employed 
by  the  French. 

The  medical  officer  of  health  who  contemplates 
making  a  special  study  of  this  subject,  and  it  affords 
in  relation  to  health  and  disease  a  boundless  field  for 
research,  which  has  up  to  the  present  time  been 
scarcely  cultivated,  would  do  well  to  acquire  a  prac- 
tical familiarity  with  the  principal  electroscopes,  elec- 
trometers, and  distinguishers  that  have  been  at  various 
times  in  use.  He  will  find  the  works  of  Saussure  and 
Schubler,  of  Quetelet,  *  Lamont,  \  Duprez,  Thompson's 
reprint  of  papers  on  electrostatics  and  magnetism,  and 
the  bulletins  of  the  Observatories  of  Kew  and  Green- 
wich, of  service.  They  contain  records  of  the  annual, 
seasonal,  monthly,  and  diurnal  changes  in  the  electrical 
condition  of  the  atmosphere  of  great  value.     A  com- 

*  "  Olaervationa  dee  Phinomiaee  Periodiqnes^"  extracted  from 
JTAnoiru  de  VAcademU  Soyal  de  Belgique,  toL  xxix. 

f  "  EntDommen  am  dem  JahreBbericlite  der  Hanchner  StentiTHta, 
page  72,  nnd  am  dem  viL  Bands  der  AnnaleQ  dar  E.  Stemwarte  m 
Bogenhaoaeii  bei  Hiinchen." 
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porison  between  the  monthly  electrical  observations  at 
different  observatories  in  relation  to  the  development 
of  atmospheric  ozone  is  to  be  found  in  (hone  and 
Antozone,  page  67,  etc.  M.  Mascart's  TraiU  de  VEU^ 
tridU  is  a  book  which  will  be  also  found  useful  by  tiie 
student. 

The  quality  of  the  electricity  present  in  the  air  is 
ascertained  by  observing  the  attraction  or  repulsion  of 
the  needle.  If  the  jar  is  charged  positively,  the  needle 
wHl  be  repelled  when  a  positive  charge  is  in  the  air, 
and  attracted  by  a  negative  charge.  It  is  not  easy  to 
charge  the  jar  exactly  to  the  same  potential 

To  obtain  accurate  quantitative  results  £rom  exami- 
nations of  the  electrical  condition  of  the  air  requires 
some  practice  and  skill. 

The  insulated  cans  are  constructed  so  as  to  ran  for 
twenty-four  hours.  It  should  be  remembered  that  the 
proximity  of  houses,  trees,  etc.,  will  influence  the  read- 
ings of  the  electrometer  very  much  indeed. 

Medical  officers  of  health  might  very  fairly  be 
excused  from  attempting  to  deal  with  a  subject  which 
is  confessedly  a  very  difficult  one,  seeing  that  the 
officials  at  the  Kew  Observatory  are  continually  in 
trouble  with  their  atmospheric  electrical  apparatus, 
were  it  not  that  health  officers  are  morally,  if  not 
legally,  bound  to  neglect  the  study  of  no  influence 
which  is  likely  to  affect  the  public  health. 

Some  one  has  said  very  truly  that  a  man  must  be 
a  brave  one  indeed  who  ventured  in  the  present  day 
to  attribute  any  morbid  or  incomprehensible  action  to 
electrical  influence,  as  the  whole  subject  of  electricity 
has  suffered  so  much  from  the  hands  of  the  teachers  of 
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popnlar  science.  Just  as  the  old-fashioned  medical 
man  ascribes  all  obscure  affections  to  that  much-abused 
Tisoiis,  the  liver,  so  every  phenomenon  which  could 
not  be  readily  explained  has  in  the  past  been  attri- 
buted to  electricity,  and  its  first  cousin,  magnetism. 
The  observations  made  at  the  Kew  Ohserratory  tend 
to  show  that  the  atmosphere  always  contains  free  elec- 
tricity, which  is  positive  in  far  the  great  nuyority  of 
cases  at  a  certain  height  above  the  ground  (at  5  feet 
on  flat  ground).  Out  of  10,500  observations  made 
during  the  years  1845-1847,  only  364  showed  the 
presence  of  negative  electricity.  In  damp  or  rainy 
weather  it  is  occasionally  negativa  The  lowest 
stratum  of  air  close  to  the  earl's  surface  generally 
furnishes  negative  electricity.  Quetelet,  who  carried 
out  a  series  of  observations  at  the  Observatory  of 
Brussels  from  1844  to  1848,  only  observed  the  elec- 
tricity to  be  negative  twenty-three  times,  and  these 
exceptional  indications  either  preceded  or  followed 
rain  and  storms.  Beccaria  recorded  a  n^ative  state 
of  the  atmosphere  only  six  times  during  a  period  of 
fifteen  years.  It  has  always  been  accepted  as  an 
article  of  belief  that  positive  electricity,  like  ozone,  is 
never  to  be  found  in  a  dwelling-house.  We  now 
know  that  both  can  be  detected  in  rooms,  although  the 
latter  is  soon  used  up,  unless  the  windows  are  open, 
or  some  efKcient  system  of  ventilation  exists.  Sir 
"William  Thompson,  by  means  of  his  delicate  instru- 
ments, has  shown  that  either  positive  or  native  elec- 
tricity may  be  carried  even  througli  nanow  passages 
from  one  room  to  anoUier  by  air. 
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Begistraiion  of  Jfeieoroloffieal  Observations, 

There  is  a  great  variety  of  r^.  jts  for  lecording 
meteorological  phenomena,  but  they  do  not  teach  the 
eye  much,  unless  arranged  in  the  form  of  curves.  Pe^ 
haps  the  most  useful  is  that  represented  at  the  end  of 
Ozofu  and  Antozane,  or  the  meteorological  diagram  of 
observations  made  at  the  Eew  Observatorv,  which 
appears  in  the  Times  once  a  week. 


SECTION    III. 


SANITARY  EXAMINATION 
FOOD. 


THE  PDBriT  OF  FOOD. 


CHAPTER   XXXVII. 

THB  PURITT  OF  FOOD. 


be  observed  that  the  eighth  duty  (mde  page  4), 
especially  relates  to  the  examinatioD  of  food, 
imposes  on  the  medical  officer  of  health  the 
on,  when  required,  of  delivering  an  opinion  as 
ther  any  given  sample  of  either  of  the  three 
ilid  necessaries  of  life,  namely,  flour,  meat,  and 
les,  ia  or  is  not  injurious  to  health.  On  the 
imeness  of  these  substances  the  health  of  the 
LOSS  of  the  public,  to  a  large  extent,  depends. 
t  teas  are  faced,  to  give  them  a  bloom,  with 
inide  of  iron,  considered  by  the  majority  of 
ins  to  be  deleterious  to  health;  that  ales  are 
to  make  customers  more  thirsty ;  that  nearly 
herry  is  plastered ;  that  fusel  oil  is  a  firequent 
animent  of  raw  spirits ;  that  sugar  often  con- 
roQ  and  sand;  that  preserved  vegetables  are 
tly  coloured  with  copper ;  that  lemonades,  beer, 
ier  not  uncommonly  contain  lead ;  that  tea  is 
d  with  iron,  and  weakened  with  leaves  of  the 
nd  other  plants ;  that  butter  is  sometimes  made 
;  cream ;  that  coffee  is  adulterated  with  rotten 
ich  have  been  roasted  and  ground  to  powder ; 
rta  are  manufactured  at  chemical  works : — are 
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all  facts  which  are  now  pretty  weU  known  to  the  pub- 
lic, who  have  the  remedy  in  their  own  hands. 

Not  one  of  these  articles  is  a  necessary  of  life,  and 
therefore  does  not  fall  within  the  scope  of  the  work 
laid  down  by  law  as  devolving  on  the  medical  ofiScer 
of  health. 
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CHAPTER  XXXVIII. 

INSPECTION   AND  EXAMINATION  OP  ANY  ANIMAL 
INTENDED  FOR  THE  POOD  OP  MAN. 

HE  possession  by  the  medical  officer  of  health  of  some 
aowledge  of  the  diseases  of  animals  is  of  great  value 
I  him,  not  only  in  guiding  him  in  the  formation  of  an 
ainion  which  may  be  required  of  him  as  to  the  whole- 
)ineness  of  their  fiesh  for  food,  hut  as  opening  out  to 
Un  a  field  which  has  hitherto  been  barely  worked  aa 
)  the  relation  between  certain  diseases  of  man  and 
lose  of  his  humble  associates.  The  writings  of  Gam- 
ie,  Fleming,  and  Williams,  will  be  found  to  be  of 
reat  service  to  those  who  are  engaged  in  the  study  of 
eterinary  medicine.  It  ia  wise  to  take  every  oppor- 
mity  that  offers  of  making  oneself  conversant 
ith  the  diseases  of  animals,  and  of  encouraging  the 
erformance  of  post-mortems  in  all  doubtful  cases. 
>uring  my  studies,  cases  of  cattle  plague,  pleuro- 
aeumonia,  typhoid  fever  in  pigs,  foot-and-mouth 
isease,  splenic  apoplexy  and  other  forms  of  anthrax, 
landers,  fever  of  a  puerperal  description  following 
arturition,  ringworm,  hydrophobia,  distemper,  etc.  etc., 
ave  come  under  my  notice.  It  is  only  for  the  medical 
fiScer  of  health  to  look  out  for  samples  of  these  maladies, 
nd  many  chances  will  present  themselves  in  rural  dis- 
ricts  of  making  a  practical  acquaintance  with  them. 
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The  diseases  of  live  stock  in  their  relation  to  public 
supplies  of  meat  may  be  summarized  in  the  following 
manner : — * 

1.  Contagious  Fevers. 

2.  ArUhracic  and  Anthracaid  diseases, 

3.  Parasitic  Diseases, 

1.  Contagious  Fevers. 

(a)  Epidemic  Pleuio-pneumonia  or  lung  fever, 

peculiar  to  homed  cattle ; 
(&)  Aphthous  fever,  or  foot-and-mouth  disease 

(murrain),  which   affects    homed  cattle, 

sheep,  and  swine ; 

(c)  SmaDpox  of  sheep  (Variola  ovina) ; 

(d)  Cattle  plague    (Einderpest,   Typhus  Con- 

tagiosns). 

2.  Anthracic  and   Anthracoid   Diseases  =  milz 

BRAND  of  Gemian  pathologists. 

They  prevail  as  epidemic  diseases  localized  in  par- 
ticular sections  of  the  country,  and  are  known  as — 

(a)  Splenic    apoplexy   of   homed    cattle  and 

sheep ; 
(6)  The  braxy  of  sheep ; 

(c)  The  black  quarter  of   homed    cattle  and 

sheep ; 

(d)  The  gloss  anthrax  or  tongue  carbuncle  of 

almost  exclusively  homed  cattle ; 
{e)  The    forms    of   anthrax  which  affect  the 
mouth,  pharynx,  and  neck  in  swine ; 

♦  Vide  Pxihlic  Health  Report  of  Medical  Officer  of  iViiy  OauneH 
No.  5.     1862. 
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( f)  The  apoplexy  of  swine  and  their  so-called 

blue-sijCknesB  or  hog-cholera ; 
{g)  The  parturitioii  fever  of  cows,  etc  etc  etc 

The  PjUUSITIC  Diseases,  such  as — 
"  Measles "  of  the  pig ;  the  various,  chiefly 
visceral,  diseases  of  stock  which  depend  on 
larvEe  of  the  taenia  mai^nata  and  tteni& 
echinococcus ;  the  "  rot  "  of  sheep  ;  the 
lung  disease  in  calves  and  lambs ;  and  the 
easily  overlooked,  but  highly  important, 
disease  of  swine,  which  consists  of  an  in- 
festation of  their  muscular  system  by  Uie 
minute  immature  forms  of  the  "  trichina." 
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CHAPTEE  XXXIX. 

INSPECTION  AND  EXAMINATION  OF  CARCASES  OF  ANDfAI^ 
MEAT  AND  FLESH  EXPOSED  FOR  SALE,  OR  DEPOSHKD 
FOR  THE  PURPOSE  OF  SALE,  OR  OF  PREPARATION  ¥01 
SALE,  AND  INTENDED  FOR  THE  FOOD  OF  MAN. 

This  section  of  the  duties  of  the  medical  officer  of 
health  as  to  food  would  seem  to  rank  first  in  im- 
portance, and  to  comprehend  a  consideration  of  die 
suitability  not  only  of  the  beef,  mutton,  lamb,  veal,  and 
pork  that  may  be  prepared  for  the  food  of  the  whole 
community,  but  the  wholesomeness  of  those  kinds  of 
animal  food  which  are  employed  by  certain  special 
classes  of  the  people,  such  as  game,  poultry,  and  &L 

Mr.  John  Gamgee  expresses  his  belief  that  as  much 
as  one-fifth  part  of  the  common  meat  of  the  country — 
beef,  veal,  mutton,  lamb,  and  pork — comes  from  animals 
which  are  considerably  diseased. 

Mr.  Simon,  in  the  report  already  alluded  to,  gives 
the  following  digest  of  Mr.  J.  Gamgee's  investigations, 
made  at  the  request  of  the  Government : — 

"  Homed  cattle  afiected  with  pleuro-pneumonia  are 
much  oftener  than  not  slaughtered  on  account  of  the 
disease,  and  when  slaughtered  are  commonly  (except 
their  lungs)  eaten,  and  this  even  though  the  lung 
disease  has  made  such  progress  as  notably  to  taint  the 
carcase;  that    animals    affected  with   foot-and-mouth 
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are  not  often  elaughtered  on  account  of  it,  but, 
ightered,  are  uniformly  eaten ;  that  ^^nJTir^t^lii 
1  with  anthracic  and  anthracoid  diseases,  espe- 
iwine  and  homed  cattle,  are  (except  their  gan- 
s  parts)  very  extensively  eaten ;  that  the 
^e  of  parasites  in  the  flesh  of  an  animal  never 
ces  the  owner  against  selling  it  for  food ;  that 
■s  too  obviously  ill-conditioned  for  exposure  in 
tcher's  shop  are  abundantly  sent  to  the  sans^^- 
(,  or  sometimes  pickled  and  dried ;  that  specially 
d  organs  wiU  often,  perhaps  commonly,  be  thrown 
but  that  some  sausc^e-makers  wiU  utilize  even 
)3t  diseased  oi^ans  which  can  be  furnished  them ; 
be  principal  alternative,  on  a  large  scale,  to  the 
described  human  consiunption  of  diseased  carcases 
:  in  connection  with  some  slaughtering  establish- 

swine  (destined  themselves  presently  to  become 
I  food)  are  habitually  fed  on  the  oflal  and  scavenage 
shambles,  and  devour,  often  raw  and  with  other 
lable  filth,  such  diseased  organs  as  are  below  the 
e-maker's  standard  of  usefulness." 


Characters  of  Good  and  Bad  Meat. 

e  appearance  and  odour  of  good  fresh  meat  is 
L  to  most  people.  The  medical  officer  of  health, 
er,  should  possess  a  critical  knowledge  which 
□able  him  to  guide  a  sanitary  authority  in  cases 
bt,  where,  from  disease  or  otherwise,  the  ordinary 
ters  of  good  meat  are  partially  absent,  or  attended 
lie  irregularity.  The  muscle  of  young  animals  is 
ad  moist,  and  that  of  old  ones  is  dark-coloured. 
:p  purple  tint  is  suggestive  that  the  animal  has 
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not   been   slaughtered,   or    has   suffisied    bom    some 
fever. 

The  characters  of  good  and  bad  meat  are  genenlly 
thus  laid  down, 
oood.  Good, — Firm  and  elastic  to  touch ;  marbled  appear- 
ance; should  scarcely  moisten  the  finger;  no  odom; 
beyond  that  peculiar  to  fresh  meat,  which  every  cm 
knows ;  upon  standing,  a  small  quantity  of  a  reddish 
juice  oozes  from  it,  and  it  becomes  dry  upon  the  surface; 
marrow  of  bones  is  of  a  light  red  colour. 
bml  Bad, — ^Wet;  sodden;  flabby;  purulent  fluid  in 
intermuscular  cellular  tissue ;  fat  resembling  jeUy,  <ff 
wet  parchment,  or  exhibiting  hsemorrhagic  spots ;  sicldj 
or  putrefactive  odour;  on  standing  it  becomes  w^; 
marrow  of  bones  of  a  brownish  colour,  sometimes  irith 
black  spots. 

It  should  be  remembered  that  meat  may  not  reach 
the  standard  of  good  meat  and  yet  be  perfectly  whole- 
some, so  difficult  is  it  to  lay  down  rules  to  which  there 
shall  be  no  exceptions;  for  example,  a  perfectly  fresh 
leg  of  mutton  is  tough  and  by  no  mecms  pleasant  eat- 
ing. If  kept  until  it  begins  to  lose  some  of  the  char- 
acters above  enumerated  as  indicating  good  meat,  which 
may  be  a  long  time  if  the  weather  be  cold,  and  espe- 
cially if  the  air  be  dry,  it  is  tender  and  digestible.  K 
an  opinion  cannot  readily  be  formed,  the  lungs  and 
their  coverings,  the  liver,  brain,  and  other  viscera  of 
the  suspected  animal  should  be  carefully  examined. 
Signs  of  inflammation  are  to  be  found  in  the  lungs  and 
pleura;  hydatids  may  be  present  in  the  brain  and 
liver.  The  condition  of  the  mouth,  stomach,  and  in- 
testines should  be  examined,  if  there  is  a  probability  of 
rinderpest,  and  that  of  the  feet,  teats,  and  mouth  when 
there  is  a  suspicion  of  aphthous  fever. 
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e  never  can  be  any  doubt  as  to  the  propriety 
imning  meat  that  baa  become  putrid,  for  it 
I  violent  gastro-intestinal  disturbiuice,  until  the 
g  matter  has  been  removed  either  by  vomiting 
ng.  Numerous  casBB  are  to  be  found  iu  medical 
of  fatal  results  following  the  ingestion  of  animal 
ses  in  a  state  of  advanced  putrefaction, 
ain  damaged  meat,  such  as  mouldy  veal,  musty 
lecaying  mutton,  sausages,  bacon,*  pork  pies, 

potted  meatsj  in  a  state  of  incipient  putrefac- 
sese,  etc.,  have  acted  like  irritant  poisons,  pro- 
;reat  nervous  depression  and  collapse.  It  has 
pposed  that  these  defects  are  owing  to  the  for- 
of  a  rancid  fatty  acid,  or  a  poisonous  organic 
,  or  to  the  development  of  a  fungus,  termed 

botulina. 

smell,  appearance  to  the  naked  eye  and  under 
sioscope,   will  readily   reveal  the  condition  of 

this  state. 

detection  of  decomposition  in  saus^es  is  found 
ore  difficult.  It  has  been  recommended  to  mix 
s^e  with  water,  to  boil  and  add  freshly  pre- 
ime-water,  when  an  offensive  odour  will  be 

if  the  sausages  are  tmwholesome.  The  exist- 
an  acid  reaction  to  litmus  paper,  an  unpleasant 
nd  a  nauseous  taste,  are  signs  of  their  unfitness 
lan  food. 

^ion  with  LUm/as  Paper. — Good  meat  is  acid,  A«id,»L 
refore  turns  blue  litmus  paper  to  a  red  colour, 
at  is  alkaline  or  neutral,  and  accordingly  changes 

*  MtdwU  Tinu$.  March  7th,  184S. 

h  BritiA  Medical  Joamal,  Uajr  10th  and  inh,  1S73. 

t  Medieal  Timea  and  OtadU,  Aognit  Gth,  18G1. 
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red  litmus  paper  to  a  blue  colour,  or  neither  the  blue 
nor  red  litmus  paper  are  altered  by  it. 
Digne  of  Degree  of  JSesistance  of  various  parts  when  pressei.-^ 

*"■*■*■"****    Plunge  a  long  clean  laiife  into  the  flesh.     In  good 
meat  the  resistance  is  uniform;  in  bad  meat  some  parts 
are  softer  than  others. 
flmeiL  Smell  of  Meat. — ^The  knife  after  removal  should  be 

smelt.  If  the  meat  is  chopped  up  into  small  portions 
and  some  hot  water  thrown  on  it,  its  odour  can  be 
readily  determined.  An  impleasant  odour  indicates 
disease,  or  incipient  putrefactive  changes.  Meat  which 
has  a  smell  of  physic  is  generally  condemned. 
Amoantof  1^088  of  Weight  in  drying  at  212**  Fahr. — Good 
"**'***''^  meat,  if  dried  for  some  hours  on  a  water  bath,  will  not 
lose  more  than  70  to  74  per  cent  of  its  weight 

Bad  meat  will  often  lose  80  per  cent.  (Vide  Pre- 
cautions to  be  adopted  in  estimating  loss  of  moisture, 
on  page  442.) 

If  there  is  any  reason  to  think  that  an  animal,  the 
meat  of  which  is  subjudice,  has  been  drugged,  although 
the  appearance  and  smell  of  the  meat  are  unobjection- 
able, it  is  sometimes  necessary  to  cook  and  taste  it,  for 
the  fat  of  a  drugged  animal,  after  cooking,  has  often  a 
peculiar  bitter  taste.  Such  drugged  meat  sometimes 
creates  illness.  As  to  the  meat  of  an  animal  respect- 
ing which  there  is  any  suspicion  of  poisoning  by  arsenic, 
antimony,  or  strychnine,  a  rough  and  ready  test  is  the 
physiological  one  of  giving  a  portion  of  the  meat  to  a 
cat  or  dog,  or  to  the  butcher  who  is  selling  it,  and  to 
note  if  symptoms  of  poisoning  are  produced,  and  if  so, 
the  exact  nature  of  the  symptoms,  for  each  of  those 
poisons  produces  characteristic  effects,  which  are  fiilly 
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laid  down  in  all  books  on  toxicology.  Sucli  caaes  of 
poisoning  of  meat  are  rare.  Mr.  Gamgee  reports  one* 
in  whicb  an  animal  had  been  excessively  drugged  with 
tartar  emetic  (about  5ij.)  Of  321  persons  who  ate  of 
the  flesh,  107  suffered  from  violent  gastro-intestin&l 
disturbance,  one  case  proving  fatal  Antimony  was 
chemically  found,  both  in  the  flesh  of  the  ox  and  in 
the  interior  of  the  individual  who  died.  Doses  of  the 
flesh,  which  were  given  experimentally  to  animals,  pro- 
duced signs  of  poisoning. 

The  following  analyses  of  Lethehy  and  Banke  may 
prove  interesting : — 


BmI. 

V«tL 

HkHob. 

Pirt 

sgs 

Law. 

nt. 

Lan. 

Fit 

F.t. 
Sdine  msHer 

Wkter 

IBS 
8-8 

6-1 
720 

1*8 
29-8 
it 
610 

IBS 

ws 

47 

8S-0 

188 
4-9 
4-S 

72-0 

12-4 
81-1 

s-s 

S3-0 

9-S 
48-9 

2-3 
36-0 

27-6 
lS-46 
2-85 

64-00 

The  Prevalent  Diseases  of  Stock  in  relatwn  to  the  suppltf 
of  Mtat  for  Human  Food. 

Theoretically  the   meat  of  the  healthiest  aniniM't 
that  have  been  slaughtered  is  alone  fit  for  the  food  of 


Practically  meat  that  has  been  obtained  from  sickly 
and  even  diseased  aniTrnLlH  haa  been  eaten  with  impunity, 
and  no  proof  has  been  afforded  that  such  meat  has 
always  been  injurious  to   health,  although   abundant 

■  "  Fifth  Beport  of  Medical  OfBcer  of  PriTf  Cooncil,  1862." 
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eEvidence  is  on  lecoid  which  shows  the  occasional  evil 
results  of  its  consumption. 

To  undeistond  this  fact^  which  has  been  deemed 
incompiehensible,  it  is  necessary  to  make  a  distinctly 
between  the  diseases  {tool  which  our  stock  suffers,  and 
between  the  meat  furnished  hj  ftniiwftliy  at  different 
stages  of  these  diseases. 

1.  Cantagums  Fevers. 

iMiiD-  The  Epidemic   Pleuro-Fneumonia  of  Cattle  is  an 

infectious  disease,  the  poison  of  which  is  eliminated 
through  the  lungs.  The  diveigence  of  opinion  that  has 
prevailed  in  the  medical  profession  as  to  what  is  and 
what  is  not  wholesome  meat,  has  expressed  itself  chiefly 
in  connection  with  the  flesh  of  pleuro-pneumonic  cattle. 
Some  would  condemn  meat  that  exhibited  evidence  of 
perverted  nutrition  far  short  indeed  of  actual  disease, 
whilst  others  would  allow  unsound  meat  to  be  eaten 
unless  it  exhibited  such  signs  of  disease  as  to  excite 
disgust  in  the  consumer.  These  are  the  two  extremes 
of  opinion,  and  both  parties  have  much  to  urge  in  sup- 
port of  their  opposite  views.  These  imfortunate  diffe^ 
ences  have  led  to  great  variations  in  practice,  meat 
in  precisely  the  same  condition  being  confiscated  in  one 
part  of  London,  for  example,  which  is  permitted  to  be 
eaten  in  another  part.  They  have  led  also  cattle- 
dealers,  farriers,  and  other  interested  individuals,  to 
rebel  against  the  opinion  of  scientific  medical  officers  of 
health,  of  which  we  have  recently  had  an  instance  in 
Dublin. 

In  September  1877  the  Public  Health  Committee 
of  the  Corporation  of  this  city  addressed  a  circular 
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letter,  at  the  suggestion  of  the  medical  officer  of  health, 
Dr.  Cameron,  to  a  great  number  of  medical  men  in  the 
United  Kingdom,  including  medical  officers  of  health, 
and  to  veterinarians,  containing  the  following  queries : — 

1,  Do  you  consider  the  fiesh  of  oxen  killed  whilst 

sufferii^  from  contagious  pleuro-pneumonia  fit 
for  food  for  man  ? 

2.  If  you  consider  that  such  flesh  may  be  used 

under    certain     circumstances,    please     state 

whether  or  not  it  is  fit  for  food  in  the  second 

stage  of  the  disease,  in  which   the  lungs  are 

usually  much  increased  in  size,  partially  hepa- 

tized,  and  sometimes  more  or  less  infiltrated 

with  pus  ? 

290   replied  that  under  no   circnmstances   should 

pleuro-pneumonic  beef  be  used  as  food  by  man ;  45 

stated  that  it  might  be  used,  but,  with  two  exceptions, 

they  believed  it  to  be  unwholesome  in  the  advanced 

stages  of  the  disease.* 

In  October  1877  a  report  was  prepared  for  the 
Cattle  Trade  Association  of  Ireland  by  Dn.  Macnamara, 
Macalister,  and  Kejniolds,  who  gave  it  as  their  opinion 
- — "  That  the  consumption  of  the  fiesh  of  cattle  slaugh- 
tered in  early  stages  of  pleuro-pneumonia  is  perfectly 
harmless,  and  the  destruction  of  such  meat  is  a  waste- 
ful expenditure  of  a  material  which  is  capable  of  sup- 
plying a  perfectly  wholesome  animal  food." 

The  flesh  of  cattle  markedly  leduced  in  condition  is 
expressly  exempted  from  this  conclusion. 

This  report  called  forth  a  rejoinder  from  the  Dublin 
Sanitary  Association,  drawn  up  by  Drs.  Hayden,  Grim- 

*  "  Beport  OD  the  me  of  Flesh  of  ^tiIhihI*  effected  with  ConUgioni 
FlMUO-FnennuuiU  ■■  Food  for  Hut,"  by  Dr.  C.  A.  Camerou. 
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shaw,  Moore,  Harvey,  and  Woodhoose,  which  condndes 
as  follows : — 

"  1.  That  epidemic  pleuro-pneumonia  is  a  specific 
contagious  fever,  and  therefore  affects  the  whole  syBtem 
of  the  animal,  including  its  flesh  and  milk. 

**  2.  That  the  flesh  of  animals  affected  with  the 
disease,  except  in  the  earliest  stages,  is  known  to  pre- 
sent unhealthy  appearances. 

'*  3.  That  the  flesh  is  specially  prone  to  hecone 
putrid,  and  therefore  dangerous  as  an  article  of  food 

"  4.  That  it  is  not  known  with  certainty  at  what 
stage  of  the  disease  the  flesh  first  shows  signs  of  infec- 
tion. 

"  5.  That  there  is  no  evidence  of  a  scientific  charac- 
ter to  prove  that  the  flesh  of  oxen  affected  with  the 
disease  has  not  produced  injurious  effects. 

"  6.  That  there  is  some  evidence  to  show  that  the 
flesh  when  eaten  has  produced  injurious  results. 

"  7.  That  the  proposal  to  sell  the  flesh  at  a  reduced 
price,  and  to  make  it  less  prone  to  putrefaction  by 
careful  bleeding,  is,  if  carried  out,  calculated  seriously 
to  endanger  the  health  of  the  consumers,  especially  the 
poor,  and  to  leave  a  loophole  for  the  sale  of  all  kinds 
of  diseased  flesh. 

"We  are,  therefore,  of  opinion  that  the  flesh  of 
animals  which  have  suffered  from  pleuro-pneumonia  in 
any  stage,  should  not,  under  any  circumstances,  be 
permitted  to  be  sold  for  human  food." 

In  opposition  to  these  views  it  should  be  recorded 
that  Loiset  afiunis*  that  during  nineteen  years  18,000 
oxen  affected  with  pleuro-pneumonia  were  killed  and 
used  as  food  by  the  150,000  inhabitants  of  Lille,or 

*  Reynal'8  TraiU  de  la  Police  SanUain, 
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&earl7  1000  carcases  every  year,  without  any  apparent 
injuiy  to  them. 

Other  authorities  have  made  similar  observatioiis  as 
to  its  innocuous  character.* 

My  own  opinion  is,  that  until  it  can  be  shown  that 
the  meat  of  animals  in  the  congestive  and  inflammatory 
st^ea  of  the  disease  is  deleterious  to  health,  a  medical 
officer  of  health  has  no  right  to  have  it  destroyed.  I 
'  could  not,  however,  sanction  the  employment  of  the 
meat  of  an  animal  that  had  reached  the  suppurative 
and  advanced  stages  of  the  diaeaea 

Foot-and'Mouih  Disease. — ^Although  this  specific  *'«>t*nii- 
eruptive  fever,  which  runs  a  definite  course  and  is  ^^^ 
accompanied  by  eruptions  in  the  mouth,  on  the  teats, 
and  on  the  feet,  is  rarely  fatal,  it  has  created  greater 
ravages,  and  has  caused  a  more  heavy  loss  than 
cattle  pli^e.  The  loss  of  milk,  the  abortion  of 
cows  in  calf,  the  loss  of  time  and  produce,  interferes 
greatly  with  the  meat-producing  powers  <A  the 
country. 

One  of  the  witnesses  before  the  Sdect  Committee 
of  the  House  of  Commons  in  1873  stated  that  in  1872 
the  country  lost  £12,000,000  from  foot-and-mouth 
disease  alone. 

There  is  no  evidence  on  record  to  show  that  the 
flesh  of  cattle  affected  with  this  disease  has  injured 
health.  There  is  a  very  strong  suspicion,  however,  that 
the  milk  of  these  animals  has  produced  "  sore "  or 
"  festered  "  mouths,  especially  amongst  children.  Vide 
page  485. 

Small-Fox   of  Sheep.— The  flesh  of  animals  thus  snuai-pox 
affected  has  an  unpleasant  smell,  and  does  not  possess       ^ 
*  "  Bepott  to  Boud  of  Tnde,"  bj  Dr.  Qreenhow,  1857. 
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some  other  of  the  characten  of  good  meat     It  prodnoes, 
if  eaten,  sickness,  dianhoea,  and  febrile  symptoms. 
ti«-  Cattle    Plague    (Binderped). — ^When    this    disease 

^SZpLu  TBYBged  Italy  in  1711  the  Govenmient  of  Venice  con- 
sulted the  Facnlty  of  Padna  as  to  whether  sach  flesh 
was  unwholesoma  The  decision  amved  at  was  that  it 
was  unattended  with  danger.  In  1714,  when  the 
disease  prevailed,  no  evil  consequences  were  observed 
In  1775,  when  the  plague  raged  in  the  sonthem  jno- 
vinces  of  France,  the  flesh  of  diseased  swimftlg  mg 
consumed  by  three-fourths  of  the  inhabitants,  and  no 
instance  of  inconvenience  was  recorded  (FLeming). 
This  author  also  informs  us  that  the  same  freedom  frcnn 
any  injurious  efiSects  was  noticed  at  Hong  Kong  in 
China  in  1860.  During  the  recent  invasion  (1865- 
66-67)  by  rinderpest  of  this  country,  there  can  be  no 
question  but  that  a  vast  quantity  of  animals  suffering 
from  this  disease  has  been  consumed  as  food,  and  vXt 
as  medical  men,  are  unable  to  prove  that  any  great 
injury  has  resulted  to  the  public.  The  meat  thus  em- 
ployed was  doubtless  that  of  animals  in  the  early  stage 
of  the  disease.  If  such  meat  is  consumed  the  greatest 
precautions  should  be  taken  as  to  thorough  cooking: 
It  is  a  matter  of  doubt  whether  the  flesh  of  an  animal 
in  the  advanced  stages  can  be  eaten  with  safety. 

2.  Anthracic  and  Anthracoid  Diseases. 

nio  Splenic  Apoplexy, — Great  dififerences  of  opinion  have 

vUaj.    prevailed  as  to  whether  animals  thus  diseased  should 

be  used  as  human  food.     Large  quantities  of  this  meat 

have  been  eaten,  and  with  apparently  no  ii\jurioiis 

effects,   but    so    many   disastrous    occurrences    have 
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followed  it«  employmeDt  as  to  variant  the  medical 
officer  of  health  in  condemning  such  meat  The 
poison  of  this  diseased  meat  resembles  some  others  in 
acting  with  greater  viruleney  when  inserted  sub- 
cutaDeoQsl;  than  when  taken  into  the  stomach.  A 
botcher  cuts  his  hand  in  dressing  an  animal  that  has 
suffered  from  this  disease,  and  rapidly  dies  of  pyaemia. 
A  carrier  was  recently  packing  some  of  this  diseased 
meat  for  the  London  market,  and  a  splinter  of  bone 
entered  his  hand.  Phl^monous  erysipelas,  which 
ended  speedily  in  blood-poisoning,  terminated  his  life 
in  a  few  hours.  A  man  was  engaged  during  a  dark 
night  in  resuirectionizing  a  diseased  animal  that  had 
been  buried.  He  hoisted  some  of  the  meat  in  a  sack 
over  his  back,  which  was  alone  covered  by  his  shirt 
In  some  way  or  other  the  juices  of  the  meat  passed 
through  the  sack  and  shirt,  and  came  into  contact  with 
the  skin  of  the  back,  on  which  there  was  probably 
some  abrasion.  Erysipelatous  in&unmation  of  the  skin, 
attended  with  intense  depression  of  the  vital  powers, 
rapidly  set  in,  and  the  man  expired. 

I  cannot  think  that  meat  containing  such  a  deadly 
poison  should  ever  be  sold  to  the  public. 

The  Braxy  of  Shetp,  which  kills  50  per  cent  ofnuBi 
the  young  sheep  of  Scotland,*  is  readily  recognized  by  **  ^** 
the  shepherds  by  a  short  sta^ering  gait,  blood-shot 
eyes,  rapid  breathing,  fever,  scanty  secretions.  The 
brazy  mutton  is  preferred  to  salt  mutton  by  the  hardy 
Highland  shepherds,  hut  it  is  not,  as  a  rule,  cooked  and 
eaten  nntil  it  has  been  steeped  in  brine  for  two  months, 
Emd  has  been  suspended  for  some  time  &om  the  kitchen 

*  Vidt  the  Prize  EoBty  od  Bnizj,  bj  Ur.  Cowan  of  Qlaagow,  iu 
"  Tisiuactioiii  of  the  Highland  and  Agricnltoral  Society,  1863." 
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root  Dr.  Letheby  writes  * — '*  Every  now  and  then, 
however,  when  perhaps  the  diseased  parts  have  not 
been  entirely  removed,  or  when  the  salting  has  noi 
been  sufficiently  prolonged,  or  the  cooking  has  not  been 
thoroughly  effected,  the  most  serious  consequences 
result  from  it,  insomuch  that  many  medical  practi- 
tioners, who  are  acquainted  with  the  habits  of  the 
Scotch  shepherds  in  this  respect,  and  have  seen  the 
mischief  occasioned  by  the  meat,  declare  that  braij 
mutton  is  a  highly  dangerous  food  for  man.'' 
Antbncie  AtUhrox,  Block  Qtuirter,  Glass  Anthrax,  Hog-ehokriL 

— The  literature  of  the  past  teems  with  examples  of 
the  poisonous  nature  of  the  flesh  of  ftnimAlg  that  have 
suffered  from  anthracic  diseases,  although  many  in- 
stances can  be  adduced,  showing  the  escape  of  people 
who  have  been  imprudent  enough  to  risk  their  health 
and  lives  in  consuming  itf  The  malignant  pustule  of 
the  human  subject  is  produced  by  these  anthracic 
diseases  of  stock,  which  are  included  by  the  French 
under  the  head  of  "  Charbon,"  thus  named,  because  the 
regions  of  the  body,  where  the  disease  is  localized,  are 
coloured  black.  In  this  coimtry  the  development  of 
carbuncles,  boils,  and  other  forms  of  blood-poisoning, 
has  been  attributed  to  the  use  of  meat  from  animals 
affected  with  anthracic  diseases.  All  such  meat  should 
be  condemned.  The  use  of  the  milk  of  animals  sufFe^ 
ing  from  anthracic  diseases  should  be  interdicted. 

Parturient  Apoplexy  (Milk  Fever,  Dropping  after 
Calving). — The  condition  of  the  meat  should  govern 
the  medical  officer  of  health  in  the  formation  of  an 

*  Vide  Dr.  Letheby's  Lectures  on  Food, 

t  Vide  Fleming's  Manual  of  Veterinary  Sanitary  Sdenee,  toL  ii* 
page  195. 
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Opinion  ae  to  vhether  the  fleah  of  euch  nnimftlg  is  or  is 
not  fit  for  human  food.  Mr.  Gamgee  writes  * — "  Not- 
Titbstandii^  the  Bporadic  nature  of  parturient  apoplexy 
in  cattle,  it  is  marked  by  the  development  of  a  poison 
capable  of  inducing  a  similar  disease  in  other  animals, 
of  affecting  the  human  &ame,  and  hence  of  rendering 
the  flesh  of  animals  affected  by  it  unfit  for  human 
food."  Professor  Williams  writes  t — "  If  this  assertion 
were  correct,  the  number  of  the  human  race  would,  ere 
this,  have  been  much  reduced,  for  it  is  a  well-known 
fact  that  the  flesh  of  cows,  slaughtered  whilst  suffering 
from  partiuient  apoplexy,  is  a  common  article  of  diet, 
and  that  no  bad  consequences  result  &om  it,  provided 
ihe  animal  has  been  slaughtered  early,  before  the 
system  has  been  empoisoned  by  the  excessive  doses  of 
medicines,  which  aie  so  generally  prescribed  in  this 
malady,  and  antecedent  to  a  general  vitiation  of  the 
animal  solids  and  fluids  by  the  accumulation  of  effete 
materials."  Convictions  in  such  cases  have  been 
obtained.  Vide,  for  example,  cue  reported  in  Sanitarj/ 
Secord,  March  2d,  1877,  p.  144. 

Tubercular  DiseoMs. — I^rge  quantities  of  meat  that  TnbercaUi 
finds  ita  way  into  our  markets  has  come  from  animftlg 
more  oi  less  affected  with  pulmonary  or  mesenteric 
phthiab,  called  by  cattle-dealers  "grapes."  In  the 
early  stages  of  the  disease  the  meat  does  not  present 
any  of  the  characteristics  of  bad  meat,  and  cannot  be 
rejected,  for  no  proof  exists  that  such  food  has  injured 
health.  If  it  is  eaten,  care  should  be  taken  that  it  is 
well  cooked.  In  the  advanced  stages  it  should  be 
destroyed. 

*  Our  Domatie  AitimaJt  <H  SealA  and  Diaiam. 

t  Tht  PriiKipU*  and  PractUt  of  FetainaTy  Mtdidm. 
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ScarUi  Fever,  Pig  Typhus,  SpoiUd  Fever,  TypkM 
Fever. — Convictions  are  obtained  for  the  defitmction  of 
jLTiiTORla  that  have  suffered  from  these  blood  diseases.* 
The  carcases  exhibit  appearances  so  different  from 
those  of  good  meat  as  readily  to  Cedl  under  ccmdemni- 
tion.  It  is  stated  that  whole  familieR  have  been  made 
seriously  ill  by  eating  the  flesh  of  **  soldi^  P^gB,"  as 
pigs  suffering  from  typhus  are  tenned  in  Ireland. 

Accidents,  Fractures,  Wounds. — ^The  flesh  in  these 
cases  may  generally  be  utilized  as  inferior  meat,  except 
in  the  neighbourhood  of  the  injuiy.  If  gangrene  bss 
set  in,  its  use  should  be  prohibited. 

The  flesh  of  overdriven  animals  has  been  stated  br 
Gamgee  to  have  produced  eczema  of  the  skin,  and 
other  unpleasant  effects. 


Argamenu      Arguments  against  the  jEmplayment  of  Diseased  Meat, 

ogainMem- 

pioymmtor        The  arguments  that  are  employed  by  those  who 

M«t         would  perpetrate  such  raids  on  our  meat  markets  as 

to  condemn  not  only  all  diseased  meat,  but  even  that 

of  animals  whose  nutrition  is  temporarily  perverted, 

are: — 

1.  That  cases  of  apparent  poisoning  sometimes  arise 
in  a  quite  indefinable  manner;  and  that,  if 
such  cases  prove  fatal,  no  known  poison  can  he 
detected  by  the  toxicologist. 
It  is  true  that  cases  of  blood  poisoning  occasion- 
ally occur  which  have  equally  been  ascribed  to 

*  Sanitary  Record,  Jan.    6th,  1877,  p.  12  (scarlatina). 

Feb.     6th,  1876,  p.  96  (typhoid  ferer), 
Oct.  26th,  1877,  p.  270  (spotted  ferer). 
„  „      Aug.  3l8t,  1877,  p.  145  (scaiiatina). 
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the  air  from  drains  and  cesspools,  or  to  filthy 
wat«r. 

2.  That  there  has  been  a  great  increase  of  carbuu- 

cular  diseases  ever  since  1842,  the  year  in 
which  die  infectious  blood  disease  of  cattle, 
known  as  pleuro-pnevunonia,  was  fiist  recog- 
nized in  this  country. 
An  increase  in  this  class  of  disease  occurred 
during  the  years  from  1842  to  1854  ;  but  since 
tbis  latter  year  there  has  been  a  decline. 

3.  That  Dr.  Livingstone  bad  remarked  that  those 

African  tribes  that  fed  on  cattle  which  died 
of  pleuro-pneumonia,  were  often  affected  with 
malignant  carbuncles. 
If  Br.  Livingstone  was  correct  as  to  the  nature 
of  the  disease  from  which  the  cattle  suffered, 
which  appears  very  doubtful,  it  would  seem 
that  the  meat  was  eaten  in  the  most  advanced 
stages  of  the  disease.  If,  as  is  highly  probable, 
the  cattle  died  of  some  form  of  antliracic 
disease,  the  result  that  followed  is  only  that 
which  would  be  expected. 

4.  That    the    Begistrar-General    of    Scotland    had 

noticed  that  since  lung  disease  in  animals  was 
introduced  into  Scotland,  there  had  been  a 
gradual  increase  in  the  proportion  of  deatlis 
from  carbuncles. 

Arguments  in  favour  of  (he  Employment  of  Diseased    AigiuBsi 
Meat.  ^T^ 

The  arguments  used  by  the  opposite  section  in  the  ^,^ 
ofession,  who  would  not  confiscate  meat  unless  it  was 
moat  repulsive,  are : — 
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1.  That  our  aninud  food  is  exposed  to  so  hig^a 

temperature  as  to  kill  parasites,  and  coagulate 
and  render  inert  any  aThnminoos  morbid  oon- 
tagimn. 

2.  As  the  venom  of  the  oobia  and  the  rattlesnab 

is  rendered  innocnons  after  exposure  to  the  dis- 
infectant chemistry  of  digestioii,  so  the  posaoos 
of  such  diseases  as  small-pox,  etc.,  probaUj 
undergo  similar  destruction. 
"  These  two  protective  influences  do  not^"  as  Mr. 
Simon  has  pointed  out,*  *  cover  the  whole  fidd  of 
danger : — 

''  (a)  Meat  is  often  only  half  cooked  ;  and, 

**  (b)  Complete  coagulation  of  albumen   may  leave 

some  morbid  poisons  in  operation." 

We  are,  one  and  all,  aware  that  terrible  outbreaks  of 

disease  have  occiirred  from  the  use  of  meat,  other  than 

that  which  we  are  unanimous  in  condemning.     Here 

are  two  out  of  many  instances : — 

ren  and         Professor  Gamgec  has  given  evidence  with  reference 

*°^^*     to  a  convict  establishment,  containing  1500  inmates, 

tlmaks  of 

in  which  diseased  meat  was  permitted  to  be  used,  out 
of  which  number  40  or  50  cases  of  boils  and  carbundes 
occurred  per  month. 

The  late  Dr.  Letheb/s  sausage  case,  of  Novemte 
1860,  was  remarkable.  "A  fore  quarter  of  cow  beef 
was  purchased  in  Newgate  market  by  a  sausage  manu- 
facturer who  lived  at  Kingsland,  and  who  immediately 
converted  it  into  sausage  meat  Sixty-six  persons  were 
known  to  have  eaten  that  meat,  of  which  sixty-four  were 
attacked  with  sickness,  diarrhoea,  and  great  prostration 
of  the  vital  powers,  and  one  of  them  died.    Dr.  Letheby 

*  Fifth  Annual  Report,  1862. 


INTENDED  FOB  THE  FOOD  07  UAN.  419 

toavd  that  the  meat  vas  diseased,  and  that  its  and  it 
alone,  had  been  the  cause  of  the  mischief." 

It  ia  eitremely  difficult  to  trace  cases  of  illness  to 
the  use  of  diseased  meat,  for  such  does  not  generally 
prodoce  such  striking  and  alarming  effects  as  have  been 
referred  to  in  the  forcing  examples,  but  is  slow  and 
insidious  in  its  action,  unless  in  a  state  of  putrefaction, 
when  it  often  induces  symptoms  of  gastro-intestinal 
disturbance. 

The  Medical  Officer  of  Health  of  Dublin,  where 
diseased  meat  has,  until  recently,  been  disposed  of  to 
the  public  in  an  unblushing  manner,  states  that  he  has 
received  complaints  tiom  at  least  100  persons  with 
respect  to  the  quality  of  the  meat — nearly  always  beef 
— which  they  allied  had  caused  them  nausea  and 
severe  diarrhoea.* 

He  most  thoroughly  endorses  my  own  views  when 
he  writes,  "  As  a  rule,  bad  water  and  vitiated  air  do  not 
kill  like  arsenic  or  strychnine,  neither  does  the  flesh  of 
diseased  animals."  People  are  often  to  be  found  who 
habitually  drink  water  which  is  highly  contaminated 
with  sewage  ;  whilst  others  are  almost  always  immersed 
in  a  vitiated  atmosphere,  and  exhibit  no  sudden  and 
easily  perceived  injury  thereby.  Now,  although  this  is 
ondeniably  true,  yet  the  views  of  the  public  on  this 
qaeetion  should  have  their  weight ;  for,  without  a  con- 
sideration of  the  subject  in  its  breadth,  it  is  possible  to 
be  led  into  impractical  conclusions. 

The  loss  to  this  country  from  the  contagious  diseases  p»i:a"ii»fT 
of  anJTnftlB  is  over  one  million  a  year,  which  is  felt  by 
all  classes  of  the  community  in  the  increased  prices  of 

*  Vide  Seport  on  Flenro-pDeamonic  Flesh  aa  Food,  and  Dublin 
Journal  (^XuUeal  Sciata,  1871. 
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meat,  milk,  butter,  etc.  Whilst  every  eflTort  is  being 
made  by  the  Legislature,  with  a  due  regard  to  the  in- 
jury to  trade  of  too  many  or  of  too  severe  restrictions, 
to  prevent  the  spread  of  these  diseases,  the  confiscataon 
of  animal  food  should  not  be  attempted  unless  ve 
possess  evidence  that  such  meat  is  likely  to  be  in  any 
way  prejudicial  to  health,  for  meat  is  already  so  expen- 
sive as  to  be  almost  beyond  the  reach  of  the  agricul- 
tural labourer.  Then,  on  the  other  hand,  it  cannot  be 
right,  as  Dr.  CameroR  says,  for  the  flesh  of  diseased 
animals  to  be  palmed  off  on  the  public  as  that  of  healthy 
animals,  even  if  such  meat  is  not  considered  injurious 
to  health,  for  the  flesh  exposed  for  sale  in  the  shops  is 
presumably  derived  from  healthy  animals. 

The  practice  in  the  city  of  London  is  to  condemn  the 
flesh  of  animals  that  have  been  suffering  from  all  febrile 
and  wasting  diseases  ;  and  of  any  animal  that  has  been 
killed  immediately  before,  during,  or  after  parturition, 
for  the  reason  that  an  {inimal  would  not  be  slaughtered 
at  that  time  unless  death  appeared  to  be  imminent 

Much  meat  finds  its  way  into  the  market  which  is 
simply  inferior  meat,  or  that  of  ill-fed,  half-nourished 
animals ;  or  of  cattle  that  have  died  as  the  result  of 
accident,  such  as  rupture  of  the  stomach  from  eating 
too  much  clover,  etc. 

Sheep  often  die  of  exhaustion  or  mechanical  impedi- 
ments in  parturition.  These  animals  are  much  disposed 
to  over-eat  themselves.  They  distend  themselves  to 
such  an  extent  that  they  at  length  fall  down  in  a  stupe- 
fied condition  or  in  a  fit — they  "  drop,"  as  the  agricul- 
tural people  express  it.  The  farmer  generally  cuts  the 
animars  throat  in  haste,  before  it  dies,  and  rapidly 
sends  it  to  the  butcher.     The  meat,  in  such  cases,  must 
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"be  judged  of  by  ite  chatacters  vheo  dressed  by  the 
butcher  for  food.  The  flesh  of  animals  that  have  died, 
and  of  those  that  have  been  OTer-driven  or  fatigued, 
'will  not  keep  long,  and  their  flesh  is  very  prone  to 
lapidly  present  an  unwholesome  appearance.  AU  such 
inferior  meat  is  sold  at  a  low  price,  without  apparent 
injury  to  health,  if  it  does  not  exhibit  the  characteiB  of 
bad  meat. 

It  is  a  matter  open  to  great  doubt  as  to  whether  it 
is  justifiable  for  a  Medical  Officer  of  Health  to  attempt 
to  interdict  the  use  of  any  meat  of  inferior  quality  that 
does  not  exhibit  the  characters  of  bad  meat,  respecting 
which  there  exists  on  record  no  evidence  showing  that 
the  flesh  of  iinimalH  similarly  afiected  has  proved  un- 
wholesome to  man. 

3.  ParasUk  Diseases. 
"  Mtasles"  of  the  Pig,   Ox,  and  She^. — Professor 


Fig.  M.— X«m1;  Pork,  b;  ni.  Lnlt    (Aft«  Fuko.) 

Gamgee  states  that  3  per  cent,  and  probably  6  per  cent, 


422  INSPECTION  AND  SZAKINATIOir  OF  MEAT 

of  the  pigs  of  Ireland  are  affected  with  this  duease. 
The  flesh  of  these  aniinals  is  infested  with  a  paiasite 
named  Cysticereus  eellulosus,  which  is  generally  TisiUe 
to  the  naked  eye.  They  are  som^dmes  so  nmneroiis 
that  when  such  flesh  is  cut  a  crackliiig  sound  is  endttei 

The  measles  of  cattle  is  prodnced  by  the  Oysiioerau 
boms,  which  becomes  the  Tcmia  fMduhcandlata  of 
man. 

Mutton  is  liable  to  the  presence  of  the  Cydieema 
amSy  of  which,  in  its  mature  form  as  a  tapewonn,  irt 
have  but  little  knowledge. 

When  meat  thus  infested  is  swallowed,  the  outer 
coat  of  the  vesicle  is  dissolved  by  the  digestive  juiceB, 
liberating  an  animal  which  is  seen  to  possess  a  bladde^ 
like  tail  and  a  crown  of  booklets,  with  which  it  attaches 
itself  to  the  coats  of  the  intestines.  Here  it  develops 
into  the  Tcenia  solium  or  common  tapeworm,  each 
joint  of  which  contains  large  numbers  of  ova  which  are 
often  eaten  by  animals. 

The  origin  of  the  echinococcus  or  hydatid  disease 
is  thus  described  by  Drs.  Woodman  and  Tidy  {ForeMic 
Medicine)  : — "  A  piece  of  diseased  offal  is  eaten  hj  a 
dog  which  passes  by  the  bowelB,  either  in  the  field  or  in 
the  stream,  segments  of  the  developed  worm  (Tania 
echinococcus).  Cattle  and  sheep  swallow  these  seg- 
ments. At  last  the  animal  that  has  swallowed  them  be- 
comes the  food  of  man,  and  then  the  larval  tapeworm 
becomes  a  bladder-like  hydatid.  In  the  ox  it  goes  to 
the  peritoneal  cavity ;  in  the  sheep  to  the  brain,  pro- 
ducing '  staggers  ;'  and  in  the  man  to  the  liver." 

The  "  sturdy,"  "  tumsick,"  or  "  gid  "  of  sheep,  is  in- 
duced by  the  presence  of  a  hydatid  in  the  brain,  named 
Coenwnis  cerehralis,  the  mature  form  of  which  is  named 
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Ttmia  txenvris.  The  Strongylus  filaria  is  a  parasite 
that  is  found  in  the  lungs  of  the  calf  and  lunb,  where 
it  produces  what  has  been  termed  phthisis  pulmonalis, 
Tonuinalis,  or  parasitic  bronchjtis. 

In  di^nosing  the  presence  of  cysticerci  i^  meat,  it 
is  necesaaiy  to  recognize  the  booklets. 

The  treatises  of  Cobbold,  Leuckart,  and  Ktichen- 
meister,  ma^  be  advantageously  consulted  by  those  in- 
terested in  the  study  of  the  trauaformations  of  these 
paiaaibes. 

The  trichiiia  spiralis  ifipi^,  a  hair)  ia  found  most  Trichiu 
&equently  in  the  flesh  of  the  p^.  It  has  been  declared^ 
to  have  been  found  in  mutton  and  frequently  in  beef, 
and,  that  the  reason  that  this  parasite  has  always  been 
associated  with  pork  is,  that  in  the  flesh  of  the  pig  its 
cysts  are  most  easily  seen. 

The  symptoms  of  trichinoaia,  being  enumerated  in 
many  books  which  are  easily  acceasible  to  medical  men, 
require  no  description.  During  the  progress  of  the 
disease  they  arrange  themselves  in  three  stages,  as  has 
been  pointed  out  by  Dr.  Kicbardaon  :■ — (1)  A  atage  of 
intestinal  irritatioii,  corresponding  with  the  full  develop- 
ment of  the  trichina;  (2)  a  stage  of  moderate  fever 
attended  with  pains  in  the  musclea,  like  those  of  rbeu- 
matism,  corresponding  with  the  time  when  the  embryos 
find  their  entrance  into  the  musclea  and  are  becoming 
encysted;  and  (3)  a  prolonged  and  chronic  at^e  of 
impaired  muscular  movement  with  emaciation,  corre- 
aponding  with  the  period  when  the  larvee  are  entirely 
encysted  in  the  muscle,  and  are  fixed  in  position.  If 
the  case  proceeds  to  a  fatal  termination,  death  either 
results  &om  coma  or  from  severe  pneumonia.  This 
•  PuMie  Siam,  Feb.  28d,  1877,  p.  181. 
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disease  is  happily  scarcely  known  in  this  conntiy, 
being  apparently  conJSned  to  our  raw  sausage-loving 
neighbours,  the  Germans.  The  first  recorded  epidemic 
of  this  disease  was  observ.ed  in  1862  at  Plauen*  in  the 
Voigtland,  in  which  30  persons  were  seized,  of  whom 
one  died.  Soon  afterwards  outbreaks  occurred  at 
Galbe  au  der  Saale,  Burg  near  Magdeburg,  in  Anhalt, 
Stolberg  am  Harz,  Leipsic,  Jena,  Eisleben,  Quedlinburg, 
Dessau,  Stassfurt,  Weimar,  and  Hettstadtf  At  the 
last-named  place  103  persons  were  affected,  and  83 
died.  J  In  Grermany  about  2  per  cent  of  swine  are 
considered  to  suffer  from  trichinosis. 

Modes  of  Detection, — Sausage  manufacturers  in  Ger- 
many are  said  to  have  the  eyes  of  aU  pigs  after  slaughter 


Fig.  7u.— Trichina  Spiralis  x  250. 

examined  microscopically  by  a  medical  man,  as  the 
muscles  of  the  eye  are  the  first  affected. 

Meat  suspected  to  contain  Trichinae  may  be  examined 

♦  Annal.  cT  HygUru,  Oct  1863.       t  BrU,  Med,  Jaur.^  Jan.  16, 186i 
t  Vide  Report  by  Dr.  Thudichum  on  the  "  Parasitic  Diseases  of 

Qaadmpeds  used  for  Food,"  in  Seventh  Report  of  Medical  Officer  of 

Privy  Council,  1864. 
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thus : — A  thin  section  having  been  made  'with  a  Val- 
entine's knife  is  immeraed  for  a  few  minutes  in  a 
mixture  of  liq.  potassES,  1  part  and  water  8  parte, 
until  the  muscle  becomes  clear.  If  thej  are  present 
white  specks  appear,  in  which  the  worm  is  seen  by  the 
aid  of  the  miciOBcope,  coiled  up.  A  drop  or  two  of 
weak  hydrochloric  acid  will  often  render  the  parasite 
more  visible.  A  little  ether  may  be  added  with  the 
same  object  in  M  meat. 

A  ready  way  of  detecting  these  animals  in  flesh,  is 
that  of  soaking  it  in  a  strong  solution  of  logwood, 
which  dyes  the  meat  but  does  not  colour  the  trichina. 

Care  must  be  taken  to  avoid  confounding  these 


f\g.  71.— A  Ptototpunn  Ijlag  looae 

parasites  with  £ainey's  corpusclee  ( 


capsules  (Psoro- 
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spermia),  which  have  on  their  siir£aoe  minute  hair-like 
markinga.*  These  bodies  were  observed  in  the  flesh 
of  cattle  that  died  of  rinderpest,  when  the  disease  en- 
tered the  country  and  destroyed  our  herds  in  1865,  hy 
some  who  were  not  accustomed  to  examine  meat  micro- 
scopically, and  who  discovered  in  their  presence,  so  they 
thought,  the  cause  of  the  disease. 

An  instrument,  termed  a  harpoon,  was  devised  and 
employed  some  years  ago  in  Grermany,  when  such  laige 
numbers  of  people  suffered  from  the  disease^  for  diag- 
nosing the  presence  of  the  parasites  in  the  human 
muscles,  and  for  noting  their  increase  or  diminution. 
It  resembled  a  trocar  with  a  minute  forceps  at  the 
pointed  extremity,  which  was  plimged  into  the  living 
muscle.  The  small  pincers  having  been  opened  by  the 
aid  of  some  mechanism  in  the  handle,  a  bit  of  the 
muscular  tissue  was  seized  and  withdrawn.  This  minute 
portion  of  muscle  was  examined  microscopically,  and 
if  present,  the  number  of  trichinae  in  the  quantity  were 
counted. 
!he  Pitike.  The  FlvJcc  (Distoma  hepaticum  =  the  rot) — is  a  para- 

site that  is  found  in  the  livers  of  men  and  animals, 
especially  the  sheep.  Many  regard  sheep's  liver,  thus 
infested,  as  a  dainty  disL  The  eating  of  garden  snails, 
whelks,  mussels,  shell  fish,  etc.,  is  considered  as  another 
mode  by  which  men  become  affected  with  this  disease, 
which  occasions  hsematuria  and  dysentery.  The  rot  is 
the  name  given  to  this  disease  as  it  occurs  amongst 
sheep,  thousands  of  which  it  kills  annually .f 

Salting  does  not  loll  cysticerci,  although  a  high 

•  Phil.  Trangaetions,  1857. 

+  A  good  description  of  the  transformations  undergone  by  this  para- 
site is  to  be  found  in  Aitken's  Pradiee  of  Medicine, 
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tempeiatuie  and  emoklDg  are  said  to  do  so.  In  India 
such  meat  is  allowed  to  be  eaten  if  veil  cooked.  Cook- 
ing, salting,  and  smoking  simply  lessen  the  danger,  even 
if  efficiently  performed,  and  do  not  remove  it 

Much  meat  that  is  eaten  is  very  unwisely  consumed 
in  a  raw  state,  and  more  frequently  in  a  half-cooked 
condition. 

Salting,  like  cooking,  is  generally  performed  in  an 
irregular  ever-changing  manner,  the  brine  sometimes 
being  used  so  many  times  as  to  have  become  actively 
poisonous. 

All  meat  which  contains  cysticerci,  trichina,  flakes, 
and  all  other  auinud  parasites  which  aie  apt  to  infest 
man,  should  be  condemned  as  unfit  for  human  food. 

In  the  reign  of  Henry  III.  butchers  who  sold 
measly  pork  were  placed  in  the  pillory. 
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CHAPTEK  XL. 

INSPECTION  AND  EXAMINATION  OF  POULTRY,  GAME,  ETC. 

As  violent  gastro-intestinal  disturbances  are  often  ex- 
cited by  the  consumption  of  game  in  a  very  *'  high " 
condition,  a  medical  officer  of  health  would  be  warranted 
in  pronouncing  any  birds,  especially  poultry,  and  haies 
exhibiting  this  decomposed  state  in  an  extreme  degree, 
as  injurious  to  health.  It  should  be  remembered  that 
the  flesh  of  game  is  apt  to  be  rendered  unwholesome  by 
the  food  eaten,  and  even  poisonous,  as,  for  example, 
when  wickedly  destroyed  by  arsenic,  etc.  The  flesh  of 
hares  fed  on  the  rhododendron  chrysanthemum,  and 
after  coursing,*  has  been  found  to  exert  poisonous  effects. 
Pheasants  fed  on  the  laurel  have  created  illness  when 
eaten.  A  case  is  recorded  where  the  flesh  of  a  turkey 
proved  poisonous,  t  and  no  poison  could  be  found  on 
analysis. 

Birds,  like  manmials,  are  subject  to  a  sort  of  variola 
which  is  contagious.  Fowls,  turkeys,  and  geese  are 
sometimes  affected  by  it.  The  presence  of  pustides  on 
the  body  of  the  bird  renders  it  for  the  time  unsaleable. 

Cholera  and  anthrax  in  poultry,  are  diseases  that 
are  not  known  to  render  them  injurious  to  the  health 
of  man  when  eaten. 

It  is  often  necessary  to  have  rabbits  confiscated,  as 
they  are  frequently  offered  for  sale  in  a  putrid  state. 

•  Lanoet,  September  27,  18«2. 
t  Medical  Times  and  Gazette,  March  18,  1871. 
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CHAPTER  XU. 

INBPECnON  AND  B3tAMINATI0N  OF  FISH. 

Although  the  quantity  that  is  annually  condemned 
throughout  this  country  is  very  great,  an  immense 
amount  of  unwholesome  fish  is  consumed  by  the  poor, 
and  creates  diarrhcea,  nettle  rash,  and  other  affections. 
Mackerel  cannot  be  eaten  in  too  fresh  a  state ;  whilst 
whiting  is  improved  by  hanging  for  a  short  time,  when 
the  weather  is  not  hot 

When  fish  has  changed  colour,  and  has  an  offensive 
or  ammoniacal  odour,  it  should  be  seized  as  unfit  for 
human  food. 

A  bright  red  colour  of  the  gills  cannot  be  relied  on 
as  a  sign  of  freshness,  for  they  are  often  tinted  by  the 
salesman. 

Some  fish  in  the  tropics  are  always  poisonous,  whilst 
others  are  poisonous  to  some,  but  not  to  all  persona,  and 
others  are  at  times  only  injurious.  Pilchards,  mussels,* 
eels,t  crabs,|  lobsters,  oysters,  mackerel,^  turtle,  and  sar- 
dine8,|j  have  at  times  produced  very  unpleasant,  or  dan- 
gerous, and  even  fatal  results.  Most  commonly  dys- 
pepsia, swelling  of  the  tongue  and  fauces,  itching  of  the 

■  Mtdieal  Tima  and  Oatate,  NoTember  1,  1SS2,  April  80,  1804, 
and  Onj's  HoapiUl  Repoita,  October,  18S0,  and  Xoneet,  Much  7, 1840 
ud  Ms7  G,  18SS. 

t  Lanat.  Jnns  21,  ISrs.  X  I/uteet,  October  21,  1888. 

I  I^iM^  Jd17  80,  1864.     P  Mtdiaa  Timi*  awl  ChaOU,  D«c  18,  1862. 
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eyes  and  eyelids,  an  eruption  resembling  nettle  lasL, 
with  great  irritation,  are  the  symptoms  complained  o£ 
Less  frequently  numbness  of  limbs,  feeble  action  of 
heart  and  coma,  and,  in  rare  cases,  death  has  resulted. 
The  nature  of  the  animal  poison  contained  in  these  fish 
is  unknown.  It  is,  in  some  cases,  thought  to  be  due 
to  some  particular  food  in  which  the  fish  has  indulged, 
and  in  others  to  be  devebped  only  during  the  breed- 
ing time. 
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CHAPTER  XLII. 

DESTBUCTIOtr  OF  CONDEMNED  FLESH. 

The  question  often  ames  as  to  how  flesh,  which  is  con- 
sidered to  be  unfit  for  human  food,  should  be  disposed 
of. 

If  it  is  handed  ovei  to  the  knacker  to  be  sold  as 
food  for  cats,  there  is  a  risk  lest  the  meat  should  ulti- 
mately find  its  way  to  the  butchers'  staUs  of  the  low 
parts  of  our  cities  and  towns,  and  he  sold  to  the  poor. 
If  the  meat  is  not  unsuitable  for  dogs,  it  may,  with 
greater  safety,  be  sold  as  food  for  packs  of  hounds. 

If  meat  is  buried,  there  is  a  danger  lest  it  may 
partly  be  brought  to  light  by  dogs. 

If  it  is  buried  too  deep  to  allow  of  such  interference, 
the  meat  is  still  liable  to  get  into  the  market  by  the  aid 
of  a  resurrectionist 

Interesting  cases  of  the  resurrection  of  diseased  pigs  h< 
are  recorded  in  the  SanitaTy  Record  of  February  16th,  ^I, 
1877,  p.  105,  and  February  5th,  1876,  p.  96.  Ke- 
membering  that  every  part  of  an  animal,  even  to  its 
bones  and  hoofs,  whether  diseased  or  not,  possesses  a 
distinct  money  value,  the  disinterment  during  dark 
nights  of  such  bodies  is  not  to  be  wondered  at 

Perhaps  the  best  mode  of  preventing  the  sale  of 
coudenmed  meat  as  human  food,  is  to  impregnate  it 
with  some  substance  that  will  render  it  unsaleable. 
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In  the  city  of  London,  where  vast  qnantities,  as 
much  sometimes  as  35  tons  (=  100  oxen),  of  patrid 
and  diseased  meat,  dressed  for  sale,  are  seixed  in  one 
day,  the  meat  is  plunged  into  a  bath  of  the  following 
composition,  preparatory  to  its  conveyance  in  carts  to 
Deptford,  where,  by  the  help  of  machinery,  it  is  sepa- 
rated into  meat,  fibre,  fat,  and  bone,  and  subsequently 
utilized  in  trade : — 

Dr.  Sedgwick  Saundtri  ChemiaU  Bath. 

Cooper^s  salts  (a  mixture  of  chloride  of  calcium     YaliM. 

and  chloride  of  sodium),  2  cwts.       .          .   12s.  Od. 
Sulphate  of  iron  (green  copperas),  ^  cwt       .     2     0 
Picric  acid,  2  lbs,      .          .          .          .          .30 
Water,  300  gals. 0     0 


17     0 


The  chlorides  deodorize  putrid  and  stinking  meat, 
whilst  the  picric  acid  and  sulphate  of  iron  discolour  it, 
and  render  it  so  disgusting  to  the  taste,  as  to  remove 
all  fear  of  its  appropriation  for  human  food.* 

In  country  districts,  where  seizures  of  meat  are  fev 
and  far  between,  condemned  meat  may  be  most  con- 
veniently rendered  unsaleable  by  making  deep  incisions 
into  the  flesh,  and  pouring  therein  impure  carbolic  acid, 
which  possesses  a  disgusting  odoiur.  Creasote  and  oil 
of  turpentine  have  also  been  used. 

Instruments  have  been  invented  for  introducing  such 
fluids  readily  into  various  parts  of  a  carcase.     Defays 

*  "  Report  upon  yarious  Methods  of  dealing  with  Meat  seized 
as  unfit  for  human  food  in  the  Citj  of  London,"  bj  Dr.  Sedgwick 
Saunders. 
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made  a  tube  with  a  lancet  point,  provided  with  a  fiask 
containing  the  fluid  ;  and  Kopp  recommended  a  spatula 
■with  sharp  edges,  grooved  on  the  surface,  which  is 
dipped  isto  the  fluid  each  time  that  it  is  plunged  into 
the  flesh. 
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CHAPTER  XLIIL 

IXSPBCnOX  AXD  EXAXESATIOS  OF  FRUIT  AXD 

TEGETABLBS. 

Half  decomposed  fruit  and  v^etables  aie  deletenons 
to  health,  exciting  diarrhoea. 

Every  now  and  then  the  opinion  of  the  Medical 
Officer  of  Health  is  sought  by  the  Nuisance  Inspecton, 
as  to  whether  quantities  of  fruit  and  v^etables  are  cft 
are  not  injurious  to  health.  Simply  damaged  and  stale 
fruit  and  vegetables  cannot,  of  course,  be  so  regarded; 
but  all  decomposing  and  offensive  vegetable  matter 
should  be  condemned. 

The  poor  are  the  chief  consumers  of  this  unwhole- 
some food.  With  vast  numbers  fresh  fruit  and  v^e- 
tables  are  impossible  luxuries.  I  cannot  but  think  that 
an  immense  profit  is  to  be  made  by  any  enterprising 
company  that  would  undertake  to  supply  the  wants  of 
the  j)Oor  of  a  great  city  with  fresh  vegetables,  at  prices 
witliin  their  reach;  for  the  present  arrangement, whereby 
the  poor  are  supplied  with  stale  vegetables,  is  attended 
with  such  an  enormous  waste  of  these  important  neces- 
saries of  life. 
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CHAPTER  XLIV. 

INBMCrnOlT  AKD  BCAMINATION  OF  COWT. 

Cobb  is  generally  understood  to  comprehend  the  grainB 
of  wheat,  harley,  and  oats,  to  the  exclusion  of  those  of 
lye,  maize,  etc. 

The  differences  between  the  appearance  of  different 
lands  and  samples  of  wheat  and  barley,  aa  indications 
of  varying  decrees  of  quality,  can  be  better  learnt  irom 
any  farmer  than  from  a  description;  whilst  almost  every 
medical  man  necessarily  acquires  practical  experience  in 
diagnosing  good  cnts. 

Grains  of  com  are  sometimes  damaged  and  rendered 
of  little  value  by  a  "  growing  out."  When  such  com 
is  ground  the  flour  is  known  in  trade  as  "  weak."  Such 
flour  cannot  strictly  be  said  to  be  injurious  to  health, 
except  as  taking  the  place  of  an  equal  quantity  of  more 
nutritious  matoriaL 

Qiains  of  com  should  be  free  from  smell,  sprouting, 
discoloration,  and  any  evidence  of  insects  or  fungL 

The  insects  sometimes  found  in  com  are  the  weevil  The  i 
,M^  4*^  wid  the  Acarua  farinx,  the  former  visible  to 
•^  T  the  naked  eye,  and  the  latter  by  the  aid  of 
-j^t^  a  microscope.  If  grains  are  seen  to  be 
■riaorwnvu.  pierced  with  minuto  holes,  and  are  found 
to  have  been  deprived  of  their  contents,  the  weevil  is 
the  culpiit 
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"  Earcockle,"  "  Purplea,"  or  "  Peppercorn,"  are  nainea 
applied  to  i 
blighted  coaditi<m 
of  eais  of  corn,  ii 
vhich  the  grain 
become  green  and 
afterwards  black. 
The  grainB  aie 
F*n.-TD»iotHHd.x«»dUM.  fiUed  with  a  cot- 

ton-like substance  in  place  of  flour,  which,  vbs 
moiBteQed,  ia  seen  to  be  composed  of  animalcules  in  i 
state  of  great  activity  (Vibrio  triUeC). 
nuwimt  The  wheat  midge  {Ceddomyia  triticC)  ia  a  gieit 
""**"  enemy  of  the  farmer,  who  sometimes  sees,  early  in 
June,  myriads  of  these  little  flies  hovering  about  Uie 
wheat,  for  the  purpose  of  depositing  its 
eggs  within  the  blossoms.  The  caterpil- 
lars that  are  produced  from  these  ^gs  in- 
terfere with  the  development  of  the  ovarv, 
so  that  abortive  grains  are  alone  found. 
Small  birds  happily  prey  on  the  midge, 
and  thus  lessen  the  mischief. 

Certain  vegetable  parasites  also  de- 
teriorate com  in  value,  and  sometimes 
render  it  poisonous. 

Erffot  {Oidium  aHxiTtifacietui)  is  a  fun- 
gus wliich  shows  a  decided  preference  tor 
rye,  but  also  attacks  the  ears  of  wheat 

In  countries  where  rye  bread  is  eaten 
to  a  large  extent,  a  peculiar  disease,  named 
eigotism,  has  prevailed  epidemically.  tHn 
disorder  has  been  noticed  in  two  distinct 
forms — the  one  a  nervous  disease,  chsr- 


INBFECnON  Aim  EXAMINATION  OF  CX)BN. 


437 


acterized  by  apasmodic  convulsions ;  and  tlie  other, 
which  is  known  in  France  as  gangrenous  ergotism,  and 
in  Germany  aa  the  creeping  sickness.  The  symptoms 
of  each  form  are  well  described  in  Christison's  work 
on  Poisons. 

There  are  two  chemical  tests  for  ergot — the  first  by 
Laneau,  and  the  second  by  Wittstein. 

Make  a  paste  of  the  flour  with  a  weak  alkali ;  add 
dilute  nitric  acid  to  slight  excess,  and  then  neutralize 
with  an  alkali,  when  a  violet  red  colour  is  produced  if 
eigot  be  present,  which  becomes  rosy  red  when  more 
nitric  acid  is  added,  and  violet  when  an  alkali  is  intro- 
duced. 

The  second  teat  for  ergot  is  to  add  liquor  potassse  to 
the  flour,  which  develops  a  herring-like  smell  if  it  con- 
tains ergot 

Smut  {Vredo  segetum.)  is  a  fungus  that  exhibits  a"< 
partiality  for  barley  and  oats. 


r 


tlf.  m— Undo  wgrtun,  x  IM  dl 


ng.  10.— Oredo  euJM,  x  tK  dten. 


Burnt  or  Brand  (Uredo  canes  or  /cetida)  is  a  fungus  » 
only  met  with  in  wheat  grains.     As  its  name  indicates  ^ 
it  possesses   a  disgusting  smelL      It   is   questionable 
whether  or  not  the  consumption  of  flour  containing 
this  fungna  is  deleterious  to  health.     It  is  chiefly  em- 
ployed in  the  manofactnre  of  gingerbread. 

Svtt  (Puecinia  graminit). — ^Hub  fungus  infesto  the  b 
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diaSS,  stem,  and  Iea£    In  its  young  state  it  was  fbnue 
known  under  the  name  of  Undo  mbigo  and  liiuaru 


F<g.  TT.— Foccinli  gnmluii,  x 
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CHAPTER  XLV. 

raSFECnOS  AND  BXAMDfATION  OF  FLOUR. 

In  the  inspection  of  flour  we  should  note  the  colour, 
smell,  taste,  and  feel,  for  we  may  then  receive  a  valu- 
able hint  as  to  its  wholesomeness  or  quality.  Weevils 
(Calandra  granaria,  vide  fig,  72)  are  often  found  by 
this  rough  scrutiny. 

The  examination  of  flour  that  devolves  on  Uie 
medical  officer  of  health  is  of  two  kinds :  chemical  to 
determine  its  quality ;  and  microscopic  to  discover  the 
presence  of  adulterants  and  of  animal  parasites,  which 
are  often  found  in  damaged  flour. 

The  adtdteration  of  wheaten  flour  with  that  of 
cereals  of  less  nutritive  value,  or  with  vegetables  that 
are  deficient  in  nitrogenous  principles,  may  be  consi- 
dered by  some  as  one  of  fraud,  which  does  not  concern 
a  guardian  of  the  public  health. 

The  weakening  of  the  strength  of  the  "staff  of  life," 
on  which  the  poor  man  has  principally  to  lean  for  the 
support  of  himself  and  family,  is  an  undoubted  injttry 
of  very  serious  import  The  substitution  of  fat-form- 
ing for  flesh-producing  principles  into  the  staple  article 
of  diet,  cannot  but  be  regarded  as  a  wrong  that  is  cal< 
culated  to  diminish  the  working  powers  of  labourers  of 
all  classes. 

The  r^nlationB  for  the  government  of  King  Henry 
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msFEcnoy  iSD  ezamdiatiok  or  FLom. 


VIIL's  honsehold  ordain  that  "his  highness's  Iwka 
shall  not  put  alum  in  the  bread,  or  mix  lye,  oaten,  or 
bean  flour  with  the  same,- and,  if  detected,  he  shall  be 
put  in  the  stocks." 

The  nutritive  value  of  the  different  farinaceous 
articles  of  food,  especially  of  those  with  which  flour  is 
apt  to  be  adulterated,  is  veil  seen  in  Dr.  Letheby's 
Table  of  Analyses,  an  abridgment  of  which  may  be  nse- 
fully  inserted  for  reference. 


NUTBITITE  VALUES  IN  ONE  Bina>BED  PARTS. 


Bread 

Wheat  flour. 
Barley  meal , 

O&Cmeal 

Bye  meal 

Indian  meal. 

Rice 

Pea> 

Arrowroot. .. 
Potatoea. 

Parsaipa 


If  wheaten  flour  is  made  by  grinding  together  the 
whole  of  the  grain,  it  contains  more  flesh-fonniug 
material  than  any  other  of  the  cereals,  sometimes 
reaching  to  22  per  cent.  The  finer  the  flour  the  less 
of  nitrogenous  matters,  of  fat  and  of  mineral  matteia, 
and  the  more  of  starch.     The  most  nutritious  portioos 
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of  the  grain  are  the  outer  or  coarser,  which,  coatain- 
jng  a  larger  proportion  of  cellular  fibre  and  woody 
matter,  are  less  easily  d^ested  by  persons  of  weakly 
constitution.  Bread  and  puddings  made  of  whole 
meal  flour  are  highly  nourishing,  if  they  can  be  easily 
digested,  and  do  not  exert  a  too  great  laxative  influence 
on  the  intestines  through  the  mechanical  irritation  of 
the  small  portions  of  husk  or  bran. 

The  most  distinguished  dentists  of  the  day  tell  ns 
that  one  great  cause  of  the  caries  of  teeth  is  the  substi-  a 
tution  of  the  fine  and  delicately  prepared  for  the 
coarser  and  rougher  foods  that  belonged  to  a  former 
and  less  civilized  state  of  society.  Whole  meal  bread, 
potatoes  undeprived  of  their  skins,  etc.,  etc,  are  sug- 
gested as  preferable.  Whether  or  not  such  coarse 
foods  act  beneficially  on  the  teeth  in  a  mechanical 
manner  by  scouring  them,  and  so  preventing  accumula- 
tions of  food  and  tartar,  does  not  transpire. 


Chemical  Mcaminatvm. 


Wanklyn's   analysis   of 
follows: —  . 


wheaten   flour  ia  as 


Sugar,  Gum,  and  Dextrine 
AlbomiDous  matters  (Glnten,  etc)   . 


Water. — Place  a  little  flour  in  a  small  platinum  a 
dish  (such  as  is  employed  for  obtaining  milk  residues)  " 
of  known  weight,  and  wei^  it     Place  the  dish  thus 


Mh. 
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charged  over  a  hot  water  badi  for  one  hour  and  a  half 
to  drive  off  moisture.  Weigh  and  then  replace  the 
dish  on  the  bath,  and  after  the  interval  of  half  an  hour 
again  weigL  The  object  of  weighing  twice  is  to  be 
sure  that  all  water  is  expelled.     For  example : — 

Sample  of  floor  and  dish  9*959 

Flatinom  dish  .  7*978 


Weight  of  floor  .  .  .  1*981 

After  Eocpoiiwrt  on  Hot  Water  Bath, 

Ist  Weighing*  2d  Wei^^iiiig. 

Floor  and  dish  .         9*680         .  9*650 

Dish  .  .  .         7*978         .  7*978 


1*702  •  1*672 

To  obtain  percentage — 

Weight  of  flour  taken.    '^''^'''f^Z:^'"^''' 

1*981  1*672  :     :  100 

100 


1*981)167*200(84*4 
100—84*4=  15*6  per  cent 

Good  flour  contains  on  an  average  from  about  14  to 
16  per  cent  of  moisture.  The  more  water  that  is 
present  the  greater  the  liability  to  change,  and  the  less 
nutriment  in  a  given  weight.  Professor  Parkes 
counselled  that  flour  containing  over  18  per  cent  of 
water  should  be  rejected. 
PTdghtof  Ash. — Bum    the    dried    contents   of   the    dish  by 

applying  the  flame  of  a  Bunsen's  burner.  The  coke 
formed  requires  to  be  stirred  with  a  piece  of  thick 
platinum  wire.  It  is  at  length  reduced  to  an  ash, 
which  should  be  weighed.     For  example : — 
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Weight  of  uh  aad  diah  8-036 

„         duh      .  .         7-978 

Weight  of  ash     .  -087 

Weight  of  uh. 

•067  :  100 

100 

l-98l)6-700(2-87 
Ash  S'B7  pel  oent 

The  sTeroge  veight  of  ash  is  '7  to  '8  per  cent. 
Wankljii  states  that  if  a  sample  of  vheaten  flour 
yields  more  than  this  amount  there  is  something  wrong 
about  it,  and  the  presence  of  a  mineral  is  suspected. 
The  inorganic  substances  with  which  flour  is  most 
commonly  adulterated  are  carbonate  of  lime  or  magnesia, 
sulphate  of  Ume,  bone  dust,  etc  If  the  ash  exceeds 
2  per  cent,  add  hydrochloric'  acid.  If  distinct  effer- 
vescence is  produced,  chalk  has  been  probably  added. 
The  ash  of  flour  consisting  of  ground  leguminous  seeds, 
is  heavier  than  that  of  wheat-flour,  and  is  strongly 
alkaline. 

The  ash  of  flour  is  composed  mainly  of  the  three 
piiosphates  of  potash,  magnesia,  and  lime. 

To  detect  mineral  substances  shake  the  flour  with 
chloroform  in  a  test  tube.  The  flour  floats,  and  inor- 
ganic bodies  subside. 

The  ash  of  pure  oatmeal  does  not  exceed  2*36  per 
cent 

Sugar,   Dtxtrine,    and    Oum. — Weigh    out     100sagu,v«i 
grammes   of  flour,  and,  having   placed   it  in  a  large  oom.' 
porcelain  evaporating  dish,  introduce  some  water,  and 
mix  the  water  and  flour  thoroughly  leather  with  the 
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fingeiB,  80  88  to  ensare  the  complete  admixtme  ol 
every  particle  of  the  flour  with  the  water.  This  semi- 
fluid mixture  is  poured  into  a  half-litre  flask,  and  water 
is  added  until  the  mark  is  reached  denoting  that 
quantity.  The  contents  of  the  flask  are  filtered.  After 
rejecting  the  first  portions  of  the  filtrate,  50  a  c.  of  the 
filtrate  are  collected  and  evaporated  to  dryness  in  a 
platinum  dish  of  known  weight  on  a  water  bath. 

Weight  of  dish  and  sabsiuice  after  evapontioii  26*875 
«         diflh  26'210 


«665 

As  a  tenth  (50  c  c)  of  the  500  c  c  (half-litre)  which 
contcdned  the  100  grammes  of  flour  was  taken,  it  is 
necessary  to  multiply  by  10  to  obtain  the  percentage: 
•665  X  10  =  6-65. 

A  cold  aqueous  extract  should  not  exceed  4*7  per 
cent 

The  AUmminovs  principles  are  divided  into  those 
which  are  soluble  and  those  which  are  insoluble  in  cold 
water.  The  former,  which  include  vegetable  albumen, 
are  calculated  in  the  last-described  estimate  of  the  cold 
water  extract.  The  latter  are  known  under  the  name 
of  gluten,  a  mixture,  according  to  Bitthausen,  of  gUadin, 
gluten-casein,  gluten-fibrine,  and  mucedin. 
Ginten.  Gluten, — This  compound  body  is  estimated  by 
two  methods — the  rough  one  of  mechanically  sepa- 
rating the  gluten,  and  the  more  delicate  adaptation  of 
the  ammonia  process  {vide  page  453).  It  is  wise  to 
employ  both,  so  that  one  may  confirm  or  negative  the 
other. 

Place   100  grammes  or   100   grains  in  a   Berlin 
evaporating  dish,  and  mix  it  thoroughly  with  a  little 
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water,  bo  as  to  make  a  doi^h.  Add  water  to  it,  mean- 
time kneadii^  it  veil  with  the  fiogets.  Pour  off  the 
water  aad  add  fresh.  This  addition  and  removal  of 
water  is  carried  on  until  the  water  ceases  to  be  nulky 
in  appearance,  when,  all  starch  having  been  thus  re- 
moved, only  a  tenaciouB  mass  of  gluten  remains,  which 
ia  to  be  dried  on  the  water  bath  and  weighed. 

Good  flour  contains  from  8  to  12  per  cent  of 
gluten.  Professor  Parkes  says  that  flour  should  be 
rejected  in  which  it  falls  below  8  per  cent 

Accidental  and  intentional  admixtures  of  arsenic  X' 
with  flour  sometimes  but  rarely  occur.     I  have  only  "* 
encountered  one  case,  althoi^h  I  have  been  in  the  pro- 
iession  twenty  years. 

A  remarkable  case  of  an  outbreak  of  lead  poisoning, 
in  which  between  flfteen  and  twenty  persons  were 
simultaneously  affected,  has  recently  been  published  by 
Dr.  Alford.*  It  was  traced  to  the  admixtoie  of  lead 
with  the  flour  in  the  process  of  grinding  the  com.  The 
millstone  being  of  a  very  loose  nature,  large  spaces 
existed  in  it,  which  had  been  filled  up  by  pouring  into 
them  quantities  of  molten  lead.  There  were  ten  pounds 
of  lead  upon  the  surface  of  the  millstone,  and  the  cavi- 
ties were  all  filled  with  the  same  metal  The  ordinary 
tests  described  in  the  test-books  on  chemistry  roughly 
applied  are  sufKcient  to  identify  either  of  these  poisons 
as  they  occur  in  floor. 

Hicrosa^nc  Examinaiion, 

The  most  common  animal  found  in  floor  that  has 
been  kept  in  a  damp  place,  or  been  otherwise  damaged, 
*  SanUary  Btcord,  Ha;  3Bth,  1877,  page  321. 
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is    die  Aeanu  farina,  vhich    mnU^tliea    witli   gnat 
rapidity. 


Barley-meal,  beans,  potato,  maize,  oat,  rye,  and  rice, 
are  the  most  common  adulterants  of 

wheat  flour,  which  may  all  be  detected 

/  ttd^^jf  { by  the  microscope. 
I^Eij^  J  1.  5&ri«y.— The  atarch  granules  of 
^1^.  S/  I'^rley  80  closely  resemble  those  of 
^5??_?^  wheat  that  they  cannot  readily  be  dis- 
"*'  *M  dto '  ft(S  tinguished  from  one  another.  Barley 
cuneron).  starch  coHsistfl  mther  of  small  and  large 

grains,  with  very  few  of  an  intermediate  size ;  whereas 
this  peculiarity  does  not  exist  in  the  case  of  wheat 
starch. 
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When  miDglod  together,  as  in  the  adulteration  of 


Fig.  M.— 1WU  of  Whut,  X  UN  (aftar  HuuU). 
TrtnmmSaUonifTataiifWhiat  Gmbk—d.  Oil*  of  labatuoe  of  gntn  < 
faig  M«eh  giumlai.    Tbt  tcaU  ooniliU  of  I  ooati,  1  longttadlul  ind 
l«i>r<fiuiliMiIC»t~Oiilfl-Isyar.— HiiBiuorHlli,  dUtUicUT  bwlid. 
TrmnvrH  Cml— Hirglni  of  cclla,  b«ded.  but  to  i  leu  •itcnt 
LoHfiJikdJiwi  CtiUqf  S^rjiiea  of  Qmin  "  c  comUbi  of  onlj  oneUjer. 

■wheat   with   barley,  it   is  thus   almost   impoaaible   to 
diatiuguish  the  two  atarcbes.     Aa  the  finest  flour  con- 


TraHotrwi  SecHon  0/  Tola  'of  Barltf  Orofn.— Tli»  cell!  of  labgUDCo  of  gnln 
contalalDg  Btim:b  gnnalf*  Bn  not  ben  daplctod.  The  Euf  conibCfl  of  4  cuta. 
IkiDgltadliuluiil  1  tmuTCTM. 

XmvftiidlnaJ   Cool  —  Okicr  Laftr.—  tUigInt  of  cell*  not  boded,  bat  hU)^Ut 


tains  portiona  of  the  investing  membranea  of  the  grain, 
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the  presence  of  barley  me&l  is  dif^osed  by  an  examiiu- 
tiou  of  portions  of  the  testa,  which  shouJd  be  sought  foi: 
The  cells  of  the  substance  of  the  grain  of  barley  are 
seen  when  emptied  of  starch  to  be  of  mote  delicate 
structure  than  thoee  of  wheat,  and  to  ptesent  a  fibroos 


L        2.  Bean. — The   addition    of   beans    can    easily  be 
detected  by  a  microscopic  examination. 


ng.  SI.— Beu  eunli  (Ula  Puktm). 

If  a  little  boiling  water  be  thrown  on  flour  thus 


Fl(.  H—Potalo  OMitii  not  iwlulnd,  x  lU  (klta  taAm). 
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adulterated    the    cbaiacteristic    smell    of    beans    is 
evolved. 

Donne's  test  consists  in  pouring  successively  a  little 
nitric  acid  and  ammonia 
on  the  flour.  If  it  is  not, 
adulterated  with  beans 
no  marked  reaction  is 
apparent ;  but  if  bean 
meal  is  present  a  deep 
red  colour  is  observed. 

3.  Potatoes. — If  pota- 
to starch  is  found  in 
flour  the  dilution  is  as 
much  a  fraud  as  that  of 
water  with  milk.  The 
pyriform  appearance  and 
eccentric  hilum  are  characteristics  of  this  starch. 

4.  Maise. — The  starch  ffranules  on  the  outer  part  of  m»h« 


Fig.  S4— PoUto  aurcb  polulied,  x  UXI. 


450         mSPECTIOK  AKD  EXAMINATION  OF  FIOTIE. 

the  grain  are   of  hexagonal,  and  in  the  centre  of  a 

spherical  or  oval  form. 

I         5,   Oats. — ^The  granules  of  oat  starch,  unlike  those 

of  the  other  starches,  do  not  exhiUt  the 

hlack  characteristic  crosses  under  the 

I  infiuence  of  polarized  light.     As  oau 

is  a  very  highly  uitrogeDOUS  material, 

the  admixture  of  a  little  oatmeal,  vith 

other  farinaceous  foods,  cannot  be  ob- 

Fig.8«.— oit  Starch.  X  jected  to  on  sanitary  grounds. 

""  Oatmeal  contains  more  fatty  matWis 

than  vheaten  flour.  Where,  as  in  Scotland,  oatmeal,  to  a 
very  large  extent,  takes  the  place  of  wheaten  flour,  the 
toning  down  or  weakening  of  oatmeal  with  the  less 
nutritive  barley  meal,  is  a  practice  which  is  much  to  le 
objected  to.*  The  microscope  shows  the  presence  of 
starch  granules,  which  may  be  either  wheat  or  barley. 
As  wheat  is  not  employed  as  an  adulterant,  the  granule 
will  almost  certainly  be  those  of  barley.f  It  is  assertpl 
that  retail  dealers  mix  barley  meal  with  the  somewhat 
huff-coloured  oatmeal,  to  impart  a  white  and  cleaner  huft 
The  presence  of  about  one  per  cent  of  barley  in  oatmtal 
may  be  charitably  looked  upon  as  accidental,  but  as 
much'  as  5  per  cent  must  be  regarded  as  a  fraud. 

As  a  mode  of  estimating  the  percentage  of  bailey 
in  oatmeal  that  is  adulterated  with  it,  Dr.  Muter  sug- 
gests the  measurement  of  the  starch  granules  by  the 
aid  of  a  ^  inch  objective,  and  a  "  B  "  micrometer 
eyepiece.     Oat  granules  measure  -00037  inch.     Ba^ 

*  Conviction  for  adultenting  oatmeal  with  from  25  per  cent  to  li 
per  cent  of  barley  meal     Sanitary  Ettord,  Januarr  20,  1877,  p-  *- 
i  Engliali  barley  is  of  course  dearer,  but  foreigu  barley  is  eliMjer- 
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ley  granules  measure  OOOTS  inch,  and  a  few  of  them 
four  times  this  size,  namely  00292  inclL  He  writes* 
— "  The  best  criterion  to  go  on  for  the  estimation  of 
the  percentage  is  the  number  of  granules  measuring 
-00292  inch,  which  are  found  in  barley  to  bear  a  very 
constant  relation  to  the  -00073  inch  granules." 

6.  Sye. — The  peculiar  rayed  hilum  of  rye  starch  Bye  Bu«h. 
serves  to  distinguish  it  from  any  other. 


7.  Sux.- — Inferior  rice   is   sometimes  fraudulently  Rice  sur 
mixed  with  wheaten  flour  to  render  bread  whiter  and 
heavier,  for  rice  retains  much  moisture. 

Zolium  temiUentum,  or  Da-mel  Grass. — The  seeds  of  panti 
this  grass  are  apt  to  become  accidentally  or  fraudulently  **"*■ 
mixed  and  ground  with  the  grains ,  of  wheat.  Ab  the 
seed  of  this  grass  is  a  poison  of  the  acro-narcotic  class, 
it  is  necessary  to  be  able  to  diagnose  the  dangerous 
admixtore.  Giddiness,  tremor,  convulsions,  and  vomit- 
ing, are  the  symptoms  conmionly  produced  by  eating 
bread  containing  the  flour  of  darnel  grass.  Many 
accidents  from  consuming  flour  thus  poisoned  are 
recorded-t  In  the  well-known  case  of  poisoning  at  the 
Cologne  prison,  in  which  sixty  persons  were  affected, 

*  Atialyd,  JuiUTT  SlBt,  1S77,  p.  ISO. 

t  London  Medical  and  Fhytiologiaii  Jowmal,  ixviii.  182 ;  Bnchnrr's 
Toxtkolagia,  174  ;  AitnaUn  dtr  Pharmadt,  ivi.  318. 
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one  and  a  half  drachms  of  darnel  were  found  in  every 
six  oimc«s  of  the  flour.  The  staicfa  giauolea  of  the 
damel  closely  resemble  those  of  oats,  but  the  difference 
in  the  appearance  of  the  testa  of  the  two  grains  is  veiy 
striking. 

Pure  flour,  when  mixed  with  alcohol,  fonns  a  strsw- 
coloured  sotution,  which  possesses  an  agreeable  taste, 


Pig.  41>.— Toti  of  Oat  GnlD, 
diBin.  a,DuUi:»,  middle  ;c. 
ciuta<irUTHuHU). 


(Dunel)  Onm.  x  100 1 


Flour  which  contains  damel  is  said  to  give  a  greenish 
solution,  with  a  disagreeable  repulsive  taste,  and  on 
evaporation  a  resinous  yellow  green  extract  is  left 
(Parkes). 

If  some  difficulty  is  experienced  in  forming  an 
opinion,  the  physiological  test  of  administering  a  small 
quantity  to  a  dog,  and  noticing  the  effect,  is  admissible. 
Some  rare  cases  of  poisoning  have  occurred  from  the 
mixture  with  flour  of  vetches  named  Lathyrus  sativm, 
and  cicera,  and  of  the  pollen  of  the  male  catkin  of  the 
hazel. 

If,  whilst  inspecting  a  specimen  of  flour  with  the 
microscope,  particles  possessing  a  resemblance  to  frag- 
ments of  bone  are  noticed,  the  appearance  of  which, 
when  magnified,  is  well  known  to  every  medical  man, 
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B  drop  of  a  aolutioa  of  nitrate  of  silver  should  be 
added,  and  the  flour  again  examined  by  the  microscope. 
If  these  minute  objects  really  consist  of  bone  dust, 
they  ■will  become  yellow  under  the  influence  of  this 


The  principal  proteine  subetances  occurring  in  the 
v^etable  kingdom  are  gluten,  legumin,  vegetable 
caseine,  and  vegetable  albumen. 

An  estimation  of  the  proteine  value  of  the  different  TtePiotdii 
£Euinaceou8  foods  may  be  conveniently  made  by  a  modi-  p^^^ 
fication  of  the  ammonia  process  of  Wanklyn,  Chap-  ^ti"***™ 
man,  and  SmitL     Ite  adaptation  to  this  purpose  is  HtiiwMd 
described  in  the  Philosophical  Magazine,  May  1877,  ^'^_^ 
which,  with  certain  improvements  that  have  suggested  pt«m>. 
themselves   in    working    it,  will   be    here   described. 
Place  a  gramme  of  the    vegetable   substance,  which 
should  be  in  a  state  of  fine  powder,  in  a  litre  flask,  and 
add  20  cub.  cent,  of  a  decinormal  solution  of  caustic 
potash  (1'4  gramme  of  caustic  potash  in  ^  litre  of  dis* 
tilled  water) ;  pour  a  little  distilled  water  into  the  litre 
flask  and  shake  ;  add  a  little  more  distilled  water  and 
again  shake  vigorously  the  contents  of  the  flask ;  con- 
tinue the  addition  of  the  distilled  water,  occasionally 
stopping  to  shake,  until  the  litre  mark  is  reached  by 
the  level  of  the  liq^uid.     If  the  shaking  has  been  thor- 
oughly performed   the   farinaceous   substance  will  be 
equally  diffused  throughout  the  litre  of  water,  other- 
wise there  will  be  snudl  lumps  that  will  settle  at  the 
bottom  of  the  flask.     The  retort  and  Leibig'a  condenser 
that  are  employed  in  water  analysis  are  arranged  for  a 
distiUatioa     Pour  into  the  retort  a  ^  litre  of  distilled 
water  and  50  cub.  cent,  of  the  permanganate  of  potash 
and  caustic  potash  solution  (md«  page  175),  and  distil 


454 


INSPECnON  AND  KXAMIKATION  OF  FLOUB. 


until  the  distillates  that  pass  over  are  quite  free  from 
ammonia,  which  is  of  coarse  ascertained  by  the  Nessler 
reagent.  Then  add  to  the  contents  of  the  retort  10 
cub.  cent,  of  the  Uquid  in  the  litre  flask  that  contains 
the  vegetable  substance  (10  milligrammes)  to  be  ex- 
amined, and  proceed  with  the  distillation.  Each  30 
c.  c.  that  distils  over  is  to  be  Nesslerized,  and  the 
depth  of  tint  estimated  by  a  standard  solution  of  am- 
monia, exactly  as  in  water  analysis.  The  amount  of 
ammonia  found,  if  multiplied  by  10,  yields  the  per- 
centage of  proteine  compounds.  Messrs.  Wanklyn 
and  Cooper  give  the  following  determinations  in  the 
paper  above  referred  to  : — 

Percmta^  of  Plvtsiii 


Percentage  of  Ammonia. 

CompoQoda. 

Wh  eaten  flour     . 

.      1-00  to  1-13      . 

.       1000  to  11-3 

Pea  flour    . 

2-30 

23-0 

Rice  . 

0-62 

6-2 

Maize 

1-03 

10-3 

Oat8. 

1-00 

lOH) 

Barley 

110 

11-0 

Malt. 

•60 

5-0 

Rye  . 

1-46 

14-5 

Arrowroot . 

•08 

•8 
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CHAPTER  XLVI. 

INSPECnON  ASD  EXAMINATION  OF  BREAD. 


An  inspection  of  bread  will  often  afford  many  Bi^gest- 
ive  hints  as  to  its  condition.  It  is  quite  unnecessary 
to  describe  the  appearance,  taste,  and  smell  of  good  bread, 
for  every  one  is  familiar  with  it  How  few,  however, 
have  any  notion  as  to  the  unwholesome  manner  in 
which  the  greater  part  of  the  bread  that  is  eaten  ia 
manufactured.  Pure  bread  ia  rarely  procurable  in  our 
towns  and  cities,  under  the  present  system  that  pre- 
prevaUs  of  "  flesh  doi^h-kneading."  The  cellars  em- 
ployed as  bakehouses  in  London  and  other  cities  are 
generally  filthy  places,  with  drain  smells,  infested  with 
beetles,  mice,  and  rate,  which  make  playful  incursions 
into  the  kneoding-troi^h  and  flour-sack.  The  work  of  Hodcor 
kneading  is  so  laborious  as  to  excite  profuse  perspira-  ^^'^^Sh 
tion,  which  drops  into  the  dough.  The  flour  rises  in  b™«L 
clouds,  and  the  workers  begin  to  cough  and  sneeze. 
When  the  process  is  almost  finished,  the  dough 
adhering  to  their  arms  is  scraped  off,  and  the  flour 
that  has  settled  on  their  hair  is  brushed  off  with  a 
coarse  brush  into  the  kneading-trough.  This  cast-off 
epithelium  &om  the  skin,  hairs,  head  scurf,  nasal  and 
pulmonary  excretions  of  men,  the  majority  of  whom 
are  dirty  and  unhealthy,  are  mingled  with  the  dough 
that  forms  our  daily  bread.     Fifteen  years  ago  these 
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revolting  disclosures  were  made  Apropos  of  the  griev- 
ances of  journeymen  bakers,  and  are  to  be  found  in 
Government  Blue  Books*  Notwithstanding  the  pub- 
licity given  to  these  facts,  the  manufacture  of  nearly 
all  bread  is  carried  on  at  the  present  time  in  the  same 
disgusting  way.f  Forgetfulness  would  appear  to  be 
bliss  no  less  than  ignorance.  As  guardians  of  the  pubUc 
health,  it  behoves  medical  officers  of  health,  not  only 
in  the  interest  of  the  journeymen  bakers  themselves, 
whose  lives  are  so  terribly  shortened  by  their  unwhole- 
some avocation,  but  in  those  of  the  public  at  large,  who 
are  supplied  with  foul  bread,  to  bring  about  the  employ- 
ment of  machine-made  bread.  The  apparent  failure  to 
substitute  the  machine  dough-kneading  for  the  flesh 
dough-kneading  is  principally  due  to  the  cost  of  the 
machine,  namely  £60  or  £70,  to  which  expenditure 
bakers  are  naturally  averse. 


Microscopic  Examinaiion. 

The  presence  of  fungi  in  bread,  such  as  the  several 
varieties  of  Penicillium  or  common  mildew,  which  gives 
a  greenish  or  brownish  or  reddish  hue,  in  patches,  or 
the  Oidium  orantiucttm,  which  is  distinguished  by 
yellow  spots,  shows  that  it  is  unfit  for  human  food,  for 
there  is  good  reason  to  believe  that  illness  has  been 
produced  by  such  bread. 

As  cooking  so  greatly  alters  the  appearance  of 
starch  granules,  the  flour  from  which  the  bread  is  made 
should  be  examined. 

*  Vide  Report  of  H.M.  Special  Commissioner,  H.  S.  Tremenheere, 
Esq.,  C.B.,  to  the  Secretary  of  State  of  the  Home  Department, 
t  Vide  Medical  Examiner,  July  12, 1877,  and  July  19, 1877. 
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AduUeratvms  of  Bread. 

The  most  common  adulterants  of  bread  ate — 
Alum. 
Terra    alba  (hydiated  sulphate   of   lime)   and 

whiting  (fine  carbonate  of  lime). 
Sand. 

Sulphate  of  copper. 
Kice, 
Potatoes. 
1.  Alum. — If  the  grain  of  wheat  is  subjected  tOAiom. 
warmth  and  moisture — as,  for  example,  from  long  expo- 
sure  in    the    field,   or    from    storage    in   warm   damp 
granaries— a  certain  degree  of  germination  occurs,  an 
action  which  is  accompanied  by  the  conversion  of  the 
albuminous   matters    into  diastase   (a  substance   that 
changes  part  of  the  starch  into  dextrine),  and  a  saccha- 
rine body  called  glucose.     In  the  manufacture  of  bread 
fitim  this  damaged  or  partially  fermented  fiour,  a  larger 
quantity  of  sugar  is  formed  from  the  starch  under  the 
influence  on  it  of  the  diastase  than  is  desirable,  a  sweet- 
ish, unpleasant,  dark-coloured  loaf  being  the  result. 

Alum,  if  added  to  damaged  flour,  checks  the  action 
of  the  diastase  on  the  starch,  and  thus  prevents  its  con- 
version into  dextrine  and  sugar,  at  the  same  time 
improving  the  coloiir  of  the  bread. 

Damaged  flour  being  apt  to  create  dyspepsia  and 
diarrhoea,  this  astringent  salt  is  found  to  neutralize  to 
some  extent  these  ill  effects.  The  scoundrels  who  thus 
swindle  the  public  by  passing  off  as  a  superior  food  of 
the  first  quality,  at  a  high  price,  an  unwholesome  and 
inferior  doctored  article,  are  happily  amenable  to  the 
law.     One  tmfortunate  stumbling-block  in  the  way  of 
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preventmg  this  extensive  system  of  fraud,  which  is  so 
injurious  to  that  part  of  the  community  that  depends 
so  largely  for  its  sustenance  on  bread — ^namely,  the 
agricultural  labourer — ^has  been  the  difference  of  opinion 
amongst  scientific  men  as  to  whether  or  not  alum  is 
injurious  to  health  in  the  quantities  in  which  it  is 
generally  detected  in  bread  The  view  that  prevails 
amongst  physicians  is  that  a  daily  dose  of  alum,  even 
if  in  minute  quantities,  is  not  by  any  means  conduci?e 
but  rather  deleterious  to  health.  Dr.  Dauglish  holds 
that  the  efficacy  of  alum  in  the  prevention  of  the  sdu- 
tion  and  decomposition  of  starch  in  the  loaf  is  more  or 
less  continued  in  the  stomach;  for  the  alum,  whilst 
neutralizing  the  action  of  the  diastase,  will  further 
neutralize  the  influence  of  the  gastric  juices,  the  result 
being  imperfect  digestion,  with  the  consequent  eUmina- 
tion  from  the  system  of  substances  which  should  other- 
wise meet  with  ready  assimilation  as  true  food,  includ- 
ing a  large  proportion  of  gluten  and  unaltered  starch* 
Many  scientific  chemists,  who  have  but  a  smattering  of 
medical  knowledge,  consider  that  alum  in  bread  is  harm- 
less, except  perhaps  when  present  in  large  amount  In 
many  districts,  where  the  only  water  obtainable  is  muddj, 
it  is  the  practice  to  place  a  pinch  of  alum  in  a  large  butt 
of  water  to  clarify  it  by  a  precipitation  of  the  suspended 
impurities.  The  men  in  such  parts  drink  nothing  but 
beer.  I  have  never  seen  amongst  the  wives  of  these 
men  who  drink  such  water  a  perfectly  healthy  woman. 
oiphAto  2.   T(nr a  Alha{Hydrated  Sulphate  of  Lime  =  Plaster 

arbontte    of  Paris)  and  Whiting  {Carbonate  of  Idme). — The  pre- 
'Lime.      sence  of  this  and  other  mineral  substances  in  bread  is 

•  "Bread  and  Bread  Stuffs,"  by  B.  Dyer;  Sanitary  Record,  Dec. 
14,  1877. 
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suspected  if  the  aah  is  excessive.  It  should  not  exceed 
2  per  cent.  The  flour  from  which  the  bread  has  been 
made  should,  if  possible,  be  procured,  for  flour  can  be 
reduced  to  ash  far  more  rapidly  than  bread.  Care 
should  be  taken  not  to  mistake  the  coke  for  the  ash. 
Be-ignitioD  will  diminieh  the  weight  of  the  coke,  but 
not  that  of  the  ash.  The  ash  of  flour  which  is  unadul- 
terated with  mineral  matter  does  not  exceed  7  to  8  per 
cent  The  prompt  action  of  the  Itussian  Government 
durii^  the  recent  Russo-Turkish  campaign,  on  discover- 
ing that  the  flour  furnished  by  the  head  of  the  Commis- 
sariat Department  contained  a  large  percentage  of  terra 
albs,  is  to  be  commended.  The  man  who  endangered 
the  success  of  the  enterprise  was  immediately  shot  for 
.his  dishonesty. 

3.  Sand. — The   admixture  of   sand  with  bread  iasud. 
easily  shown  by  the  silica  determination.     The  average 
amount  of  silica  in  good  bread  is  about  '025  per  cent. 

4.  Sulphate  of   Copptr  is  used   by  bakers  on  the  sniphata  i 
Continent  in  small  quantities  to  give  a  white  colour  and  "^pp"- 
otherwise  improve  the  appearance  of  bread  manufactured 

from  damped  flour.  The  continual  use  of  bread  thus 
adulterated  cannot  fail  to  be  injurious  to  health,  wh:at- 
ever  the  quantity  of  the  poison  may  ba 

Modes  of  Detection. — 1.  Cut  a  smooth  slice  of  bread 
and  draw  across  its  surface  a  glass  rod  dipped 
in  a  solution  of  ferrocyanide  of  potassium. 
If  copper  be  present,  the  streak  will  be  of  a 
brownish-red  colour. 
2.  Bum  a  quantity  of  bread  (or  flour,  if  it  is  desir- 
able to  test  it)  to  an  ash.  Boil  the  aah  In  a 
platinum  crucible  with  a  few  drops  of  strong 
sulphuric  acid,  which  should  afterwards  be 
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FoUtoM. 


Bice. 


diluted  with  water.  Place  in  the  aolatian  ft 
piece  of  copper  or  zinc.  If  copper  be  present, 
it  will  be  deposited  on  the  surface  of  the 
platinum. 

5.  Potatoes  are  generally  added  when  they  are 
cheap,  in  a  mashed  form,  to  dilute  the  flour  and  render 
bread  heavier,  for  they  contain  between  70  and  80  per 
cent  of  water.  Bread  thus  adulterated  has  a  damp 
appearance  and  taste.  Many  housewives  add  a  few 
boiled  potatoes  to  the  flour  in  making  their  bread,  with 
a  view  to  prevent  the  bread  from  soon  becoming  diy. 

Mode  of  Detection, — Make  a  solution  of  bieai 
Test  it  with  red  litmus  paper.  If  it  is  not  alkaline, 
bum  some  of  the  bread,  and  test  the  ash  with  Utmus 
paper.  If  the  ash,  instead  of  being  neutral,  is  alkaline, 
potatoes  are  probably  present.  The  percentage  of  water 
in  the  bread  and  its  appearance  must  also  be  noted 

6.  Rice  is  added  to  bread  to  whiten  it  and  to  render 
it  heavier,  as  it  contains  a  large  quantity  of  water. 

Mode  of  Detection. — The  ash  of  rice  is  necessarily 
low,  namely  '85  per  cent.  An  excessive  percentage  of 
moisture,  an  unnatural  whiteness  of  the  bread,  and  a 
low  ash,  are  suggestive  of  this  adulteration.  The  flour 
with  which  the  bread  is  made  should  be  examined 
microscopically,  for  the  granules  of  rice  are  different 
from  those  of  any  other  starch. 


ChemiccU  Examination, 

w»t«r  Water. — Tlie  mean  amount  of  moisture  foimd  by 

exceed        Dr.  Odling  in  good  bread  was  43*4  per  cent,  the  maxi- 
about 46      mum  of  all  the  25  specimens  examined  yielding  467 
per  cent  of  water. 

Place  a  small  portion  of  bread  in  a  platinum  dish 


percent 
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of  known  weight     Weigh.     Dry  over  water  bath  for 
some  time.     Weigh.     Expoae  the  dish  on  the  water 
bath  for  another  half-hour,  and  again  weigh. 
Calculate  the  percentage.     For  example : — 


Bread  and  diah     . 
Diah        . 

28  910 
26-205 

Weight  of  bread       . 

After  drying  8t  SIS'"  F. 

2-705 

Bread  and  dish 
Dinh  . 

First 
weighiDg. 
27'810 
26-205 

Sfcond 
»eighmg. 
27-666 
26205 

Weight  of  bread 

l-60fi 

1-460 

S705  : 

1-460  :  :  100 
100 

2706) 
10000 
B3-97  of  wild 

14600000  (63-97 

46-03  of  n 

Begnlt  46-03  per  cent  of  water. 

The  addition  of  mashed  potatoes,  or  boiled  rice 
(starchy  foods  that  are  deficient  in  the  nitrogenoua 
elements)  is  to  be  suspected  if  the  percentage  of  water 
is  excessive.  If  bread  possesses  an  unnatural  white- 
ness and  no  alum  or  terra  alba  can  be  detected,  rice  is 
the  probable  adulterant. 

Aak. — Take    100    grammes   of  bread  (crust  and  a, 
cromb  in  about  equal  proportions)  and,  having  cut  it ,' 
up  into  fragments,  bum  it  in  a  Berlin  diah  of  about  5 
inches  in  diameter.     The  coke  that  forms  should  be 
broken  up  by  the  help  of  a  platinum  rod.     It  is  not 
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advisable  to  employ  a  persistently  intense  heat^  as  there 
is  a  danger  of  volatilizing  the  alumina  of  the  almn,  and 
of  cracldng  the  dish.  When  the  cinder  and  ash  cease 
to  glow,  and  when  they  exhibit  a  grey  colour,  tk 
burning  may  be  considered  complete.  The  ash  should 
not  be  thoroughly  decarbonized  for  fear  of  volatQiziiig 
the  alimiina.  The  burning  of  100  grammes  of  bread 
consumes  four  hours.  This  process  can  be  accomplished 
in  half  the  time  by  employing  50  grammes,  but  in  that 
case  greater  care  and  accuracy  are  required  in  working 
The  ash  is  transferred  to  a  platinum  dish,  for  weighing 
by  the  help  of  the  feather  end  of  a  quill  pen,  with 
which  the  interior  of  the  porcelain  dish  can  be  very 
thoroughly  cleaned.  Before  the  weight  is  taken,  it  is 
desirable  to  complete  the  incineration  by  heating  the 
contents  of  the  platinum  dish  to  redness  for  a  short  time, 
to  ensure  a  thorough  burning.  If  the  operator  is  pos- 
sessed of  a  large  £5  platinimi  dish,  the  employment  of 
the  Berlin  dish  is  dispensed  witL  The  ash  should  be 
weighed.  It  does  not  in  pure  bread  exceed  2  gramma 
in  100  grammes  of  bread,  or  2  per  cent. 
For  example : — 

Ash  aud  platinum  dish     .         27*770 
Platinum  dish       .  .  26'205 


Ash       .  1*665 

Result  1*5  per  cent  of  ash. 

suica  varies  SUica. — Add  5  c.  c.  to  10  c.  c.  of  strong  hydio- 
^^[J^jjj  chloric  acid  (pure)  to  the  ash  in  the  platinum  dish. 
•018  to -032  Add  20  c.  c.  to  30  c.  c.  of  distilled  water,  and  boil 
taking  care  to  avoid  splashing.  The  hot  liquid  b 
passed  through  a  small  Swedish  filter  paper  into  a 
beaker      Place  some  distilled  water  in  the  platinmn 


percent. 
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dish  and  heat  to  boiling  point,  using  a  feather  or  glass 
rod  to  detach  any  solid  particles  adhering  to  the  sides 
of  the  dish.  Pour  these  washings  through  the  filter. 
Finally  wash  the  precipitate  on  tha  filter  with  hot 
distilled  water  by  the  help  of.  a  wash  bottle.  The  well- 
established  rule  of  avoiding  the  addition  of  the  wash 
water  to  the  filter  before  the  mother  Uquor  has  entirely 
passed  throi^h  it  should  of  course  be  remembered. 

As  the  precipitate  on  the  filter  has,  like  many  otbei 
precipitates,  a  tendency  to  clamber  up  the  sides  of  the 
filter  and  pass  down  between  the  filter  and  the  funnel, 
it  is  necessary  to  wash  it  down  the  sides  of  the  filter 
by  the  help  of  a  jet  of  water  from  the  wash  bottle. 

A  great  bulk  of  liquid  is  to  he  avoided  in  making 
these  washings.  Severed  successive  washings  with 
small  quantities  of  hot  distilled  water  are  preferable  to 
tJie  practice  of  using  two  or  three  laige  quantities. 
Let  the  filter  drain  and  dry,  by  suspending  the  funnel 
containing  it  in  a  ring  of  a  retort  stand,  at  such  a  dis- 
tance above  a  Bunsen's  burner,  or  a  spirit  lamp,  as  to 
prevent  the  possibility  of  ^ignition  or  charring.  The 
filter  and  the  precipitate  on  it  will  soon  dry.  Fold  the 
filter  and  carefully  transfer  it  into  a  little  platinum  or 
porcelain  crucible  provided  with  a  cover  (or  into  a 
platinum  milk  dish),  and  bum  the  filter  to  an  ash,  and 
weigh. 

It  is  advisable  to  employ  round  Swedish  filter  papers 
yielding  definite  and  known  quantities  of  ash,  as,  for 
example,  one  or  two  milligramme  filter  papers.  If  none 
are  at  hand,  cut  a  filter  of  the  requisite  size  out  of  a 
sheet  of  filter  paper  and  weigh.  The  weight  of  the 
aeh  is  always  -^  per  cent  the  weight  of  the  filter  paper ; 
therefore,  a  filter  paper  weighing  500  milligrammes 
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Alumina. 


has  an  ash  of  2^  milligraiimies.    We  have  now  arrived 
at  the  weight  of  the  silica  in  the  total  asL 
For  example : — 

Platinum  dish  and  ash  7*8200 

Dish         .  .  .  7-7700 


Weight  of  ash 


if 


n 


of  filter 


10500 
•0016 


•0485 
Result  *0485  per  cent  of  silica. 

The  following  process  for  the  determination  of  the 
amount  of  alum  in  bread  was  invented  by  Dr.  Dupre, 
and  has  been  improved  upon  by  Mr.  Wanklyn. 

Alumina, — The  filtrate  from  the  silica  estimation  is 
now  rendered  strongly  alkaline  by  the  addition  of  about 
5  c.  c.  of  pure  liq.  ammoniae  fort,  to  precipitate  the 
phosphates.  Finally,  mix  gradually  with  this  alkaline 
water,  stirring  aU  the  time,  sufficient  pure  acetic  acid,* 
strong  (not  glacial),  to  neutralize  the  alkalinity,  a  point 
which  is  easily  determined  by  means  of  litmus  paper. 
The  usual  quantity  of  acetic  acid  required  is  about 
10  c.  c.  It  is  advisable,  after  having  thoroughly 
neutralized  the  alkalinity,  to  add  about  10  c  c.  of 
acetic  acid  more  to  ensure  an  excess.  Boil  and  filter 
through  a  Swedish  filter  paper  of  known  weight.  (It 
is  better  to  allow  the  precipitate  to  subside  a  little 
before  commencing  the  filtration.)  Wash  well  the 
beaker  with  hot  distilled  water,  detaching  the  adherent 
jelly-like  matter  by  the  aid  of  a  feather  of  a  quill,  and 
pour  the  washings  on  to  the  filter.  Dry  the  filter  in 
the  manner  already  described.  Place  it  in  a  platinum 
dish,  or  into  a  platinum  or  porcelain  crucible  with  a 

*  The  phosphates  of  alumina  and  iron  are  insolable  in  acetic  add. 
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lid,  wMch  is  far  better;  ignite  aod  weigh  the  ash, 
which  is  a.  mixture  of  the  phosphat«8  of  alumina  and 
irOQ.  The  washings  of  the  precipitate  in  the  foregoing 
manipulations  should  be  occasionally  tested  as  they 
pass  out  of  the  funnel,  by  allowing  a  drop  to  fall  on  a 
piece  of  platinum  foil,  or  a  platinum  spatula,  and 
evaporating  it  to  dryness  to  see  if  it  leaves  any  residue. 
The  washings  should  be  continued  until  no  residue  is  left. 

The  amount  of  phosphates  of  alumina  present  in 
pure  bread  varies  from  5  to  10  milligrammes  (005- 
■01)  per  100  grammes  of  bread. 

The  amount  of  phosphatea  of  iron  generally  present 
in  pure  bread  does  not  exceed  two  or  three  milligrammes 
(■002  or  003)  per  100  grammes  of  bread. 

100  grammes  of  pure  unadulterated  bread  has  been 
foimd  to  yield  as  much  as  010  milligrammes  of  phos- 
phate of  alumina  and  of  iron,  which  is  equivalent  to  10 
grains  of  alum  in  a  4  lb.  loaf. 

If  the  asb  does  not  exceed  '0 1 5  milligrammes  of  this 
mixtureof  pbosphatesof  alumina  and  ironin  100  grammes 
of  bread,  there  is  no  adulteration  of  the  bread  with  alum. 

For  example,  a  bread  containing  alum  yielded — 
Weight  of  dish  and  aah     .         7-8490 
Pifttinum  dish  7-7690 


Weight  of  ash  of  filter 

Weight  of  ash 
Deduct  average  amount  of  phoa- 
phates  of  alumina  and  iron  funnd 
in  good  unalumed  bread 


■0055 

■0725  in  the  4  lb.  loat 


Besult  72)  giainB  in  a  4  IK  loa£ 
2h 


/ 
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Honley's 

Twtfor 

Alam. 


The  following  analyses  of  loaves  of  bread,  oontainiiig 
known  quantities  of  alum,  have  been  recently  made  in 
my  laboratory  by  Mr.  Slater : — 


Aluhbd  Bread. 


SamplM. 

Foond  in  100  parU  bj  weight 

Qoantitror 

sJnm  added 

tobTMd. 

1 
2 
8 
4 

Ash. 

1-6 
119 
119 
11 

SiUet. 

•048 
•0475 
•046 
•027 

Alum. 
Oimins. 

18-0 
7-6 
8-8 
1-2 

Grains. 

15-5 
7-7 
81 
1-5 

Horsley's  test  for  the  detection  of  alum  in  bread  is 
employed  as  a  qualitative  auxiliary  test  by  many 
analysts.     It  is  prepared  thus : — 

"  1.  Make  a  tincture  of  logwood  by  digesting  for 
eight  hours  2  drachms  of  freshly  cut  logwood 
chips  in   5   ounces  of  methylated  spirit  in  a 
wide-mouthed  phial,  and  filter. 
"  2.  Make  a  saturated  solution  of  carbonate  of  am- 
monia in  distilled  water. 
"  A  teaspoonf  ul  of  each  solution  mixed  with  a  wine- 
glassful  of  water  in  a  white  ware  vessel  forms  a  pink- 
coloured  liquid.     Bread  containing  alum,  immersed  in 
in  this  liquid  for  five  minutes  or  so,  and  then  placed 
upon  a  plate  to  drain,  will  in  an  hour  or  two  become 
blue  on  drying ;  but,  if  no  alum  is  present,  the  pink 
colour  fades   away.     If,  on  drying,  a  greenish  tinge 
appears,  an  indication  of  copper  is  afibrded,  as  carbonate 
of  ammonia  produces  that  colour,  but  never  a  blue," 

Mr.  Allen  and  Mr.  K  W.  T.  Jones  both  consider 
that,  if  the  logwood  test  gives  a  blue  colour,  something 
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ia  vTODg  -with  the  bread,  althoogh  it  would  be  raah  to 
say  that  this  coloratioD  indicates  that  the  bread  has 
been  adulterated  vith  alum. 

The  amount  of  alum  generally  found  in  bread 
adulterated  with  this  substance  varies  between  20  and 
30  grains  in  a  4  lb.  loaf,  although  more  than  100  grains 
have  in  exceptional  cases  been  discovered  in  the  same 
quantity  of  bread. 

It  does  not  necessarily  follow,  that  because  bread 
on  analysis  proves  to  have  been  alumed,  the  baker 
has  mingled  it  with  his  flour  in  the  mRnnfoctuie  of  his 
bread.  Some  millers  alum  the  fiour  before  they  supply 
it  to  dieir  customers. 

Accordingly,  when  a  loaf  is  purchased  for  analysiB, 
ft  sample  of  flour  &om  each  sack  found  on  the  premises 
should  also  be  taken  for  examination. 

In  rare  cases,  salt,  which  is,  of  course,  freely  used 
in  bread  making,  has  been  found  to  contain  alum. 
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CHAPTER  XLVIL 

INSPECTION  AND  EXAMINATION  OF  MILK. 

Milk  contains  the  three  classes  of  principles  which  are 
required  for  human  food — ^namely,  the  Albuminous  or 
Nitrogenous,  the  Oleaginous,  and  the  Saccharine — and  is 
the  only  article  supplied  by  nature  which  combines  all 
the  elements  requisite  to  secure  healthy  nutrition  in  a 
fonn  suited  to  the  young  animal  It  must  not  be 
omitted,  therefore,  from  the  category  of  the  necessaries 
of  life  to  which  the  attention  of  the  medical  officer  of 
health  is  restricted,  although,  if  he  does  not  hold  the 
post  of  public  analyst,  he  may  not  find  it  requisite  to 
make  an  official  examination  of  a  milk,  except  as  a 
guide  for  himself  in  his  own  investigations  as  to  the 
origin  and  spread  of  diseases.  In  milk  outbreaks  of 
typhoid  fever  not  a  single  link  in  the  chain  of  evidence 
should  be  neglected.  If  the  health  officer  finds  on 
analysis  that  the  water  used  in  the  dairy  contains  ei- 
cremental  filth,  and  traces  the  pollution  to  its  source, 
which  has  been  infected  with  the  specific  poison  of  the 
disease,  it  is  still  desirable  to  ascertain  whether  or  not 
the  milk  has  been  diluted  with  water.  Here  is  an 
example  of  the  assistance  that  such  an  examination 
may  afford  a  medical  officer  of  health : — Fever  once 
appeared  in  a  large  public  school,  and  as  no  mode  of 
the  entrance  of  the  poison  could  be  discovered,  it  was 
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at  fiist  supposed  to  have  arisen  md  ^xmtt.  The  water 
supply  on  analyaia  proved  to  be  pure.  The  milk  was 
supplied  Irom  two  or  three  sources,  and  was  not  com- 
plained of.  On  making  an  analysis  of  the  milk  it  waa 
found  to  have  been  manipulated  with  water.  An 
analysis  of  the  water  from  each  of  the  three  farms, 
whence  the  Tnillr  was  derived,  was  made,  and  one  of 
these  waters  was  discovered  to  be  polluted  with  animal 
excrement,  whilst  the  other  two  waters  were  of  un- 
doubted purity.  On  visiting  the  dairy  farm  possessing 
the  polluted  water  supply,  it  transpired  that  the  closet 
and  well  were  in  affectionate  proximity,  and  that  the 
former  had  recently  received  the  specific  poison  of  the 
disease  from  oue  of  the  labourers.  If  milk  under  such 
circumstances  should  not  evince  by  chemical  examina- 
tion any  decided  departure  from  the  normal  state  of 
the  secretion,  due  regard  being  paid  to  its  variation  in 
composition^  by  reason  of  the  age  and  food  of  cow, 
time  after  calvii^,  weather,  etc.,  it  must  not  be  con- 
cluded that  the  poison  of  the  disease  has  not  been 
communicated  to  the  milk  through  the  medium  of 
water,  for  there  is  every  reason  to  believe  that  the 
smallest  quantity  of  water  containing  the  specific 
poison,  such  as  may  be  introduced  by  merely  rinsing 
the  milk-cans,  is  sufGcieot  to  infect  a  large  quantity  of 
milk.  An  analysis  of  milk  in  suspected  typhoid  out- 
breaks affords  only  negative  evidence.  The  undoubted 
admixture  of  water  with  milk  introduces  us  to  a  fresh 
ecent  in  our  endeavours  to  trace  the  introduction  of 
the  poison,  olthougli  the  absence  of  signs  of  any  decided 
adulteration  does  not  preclude  the  possibility  that  the 
milk  may  have  been  poisoned  through  the  medium  of 
water.     No  ray  of  light,  however  feeble,  should  be 
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n^ected  in  trackiiig  this  prevalent  and  whoUj  y» 
ventable  disease.  The  inicroscope  affoida  also  aid 
which  is  not  to  be  despised.  In  milk  oatbreaks  of 
scarlet  fever  a  comparisoD  should  be  made  with  thii 
instrument  between  milk  that  has  been  exposed  to  in- 
fection— as,  for  example,  from  being  stored  within  a  fev 
yards  of  penons  suffering  or  recovering  from  this 
disease — and  the  milk  of  the  same  uninntlB  that  baa  not 
been  thus  endangered,  with  the  object  of  discovering 
epithelial  scales,  for  its  poison  would  seem  to  be  main^ 
distributed  through  the  air  by  the  aid  of  the  dust  of 
the  skin  to  which  it  attaches  itself. 

Good  milk,  the  chemical  composition  of  which  is  to 
be  found  in  every  physiological  work,  is  slightly  acid 
or  neutral,  or  very  feebly  alkaline  to  litmus  paper.  lis 
specific  gravity  is  about  1-029  or  1030. 

Microscopic  Appearance. 
Milk  is  seen  to  consist  of  a  number  of  oil  globules 
of     diSierent    sizes, 
colled  milk  globules, 

—n^.,^--,  '""^  *  little  epithe- 

^?^t^^  <^°  9D!aJ^?^-      ^'"^    suspended   in 
,(P?''S'^^^^'^Jv7^^^^\    a    somewhat  tuibid 
kW^l'Vj-'fop^^^^l    fluid.      Immediately 
^  after     calving     are 
,^^     sometimes  perceived 
'^   large    yellow    com- 
pound bodies  termed 
colostrum  corpnadea 
The  secretion  of  the 
colostrum     immedi- 
ately after  birth  is, 
as  every  one  knows,  designed  to  purge  the  young  animaL 


It  (Ilia  Ctrpenler). 
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In  the  milk  of  a  woman  anffermg  from  an  acute 
disease,  colostrum  corpuscles,  and  large  granular  cells 
ricli  in  fat  are  visible.* 

Foreign  bodies  are  sometimes  noticed  by  the  micro- 
scope in  milk ;  for  example,  Uood  and  poa  corpuscles, 
epithelium,  etc. ;  also,  mineral  matters,  such  as  chalk, 
starch,  vegetable  organisms. 

Milk  cooffulaiing  during  or  imvudixUely  afUr  miik-  f™ii  mih 
ing,  especially  after  it  is  warmed. — ^The  secretion  of  "•«°'*™- 
this  acid  milk  may  be  owing  (1)  t«  infiammation  of 
udder,  (2)  to  digestive  disturbance  or  a  febrile  state. 

YelloK  Milk. — This  colour,  when  not  due  to  the  t»Uowiiiiii. 
colostrum  of  newly-calved  cows,  is  observed  when  there 
is  irritation  or  congestion  of  the  udder.  Dairymen 
colour  their  milk  with  annsto.  When  nulk  is  boiled 
the  colouring  matter  remains  in  the  whey.  An  un- 
natural yellow  colour  of  cream  is  sometimes  produced 
by  an  oiganism  called  by  Yerheyen  the  Vibrio  xantko- 
genus.  The  eating  of  orchids  I^  cows  has  been  said  to 
render  the  milk  of  a  yellow  colour. 

Viscid  Milk,  which  is  stringy  and  mucuB-like  when  vudd  hiul 
poured  from  one  vessel  to  another,  and  has  a  stale  un- 
pleasant taste,  has  been  found  to  contain  a  laige  pro- 
portion of  albumen,  as  well  as  carbonate  of  ammonia. 
Microscopically  it  resembles  colostrum,  but  it  is  distin- 
guished from  it  by  its  power  of  producing  the  same 
alteration  in  a  laige  quantity  of  healthy  milk.  The 
viscidity  of  milk  has  been  ascribed  to  a  half-starred 
condition  of  cows,  and  to  damp  unwholesome  dairies. 

The  colours  of  bine,  red,  and  green  milk  or  cream, 
are  all  probably  due  to  the  development  of  organisms, 
the  nature  of  which    has  not  been  made  out.     The 
•  Lahman's  nytioleticai  Chtmidr^. 
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ferment  produced  will  give  rise  to  the  same  alteration 
when  a  small  portion  of  either  of  these  milks  is  added 
to  a  large  quantity  of  good  milk.  Happily  these 
'  peculiar  growths  are  engaging  the  attention  of  Professor 
Lister,  so  we  may  confidently  hope  that  we  shall  soon 
possess  some  knowledge  respecting  them.^ 
ineMUk.  Blvs  Milk  has  a  disagreeable  taste,  and  has  been 
found  to  produce  diarrhoea  and  severe  febrile  gastrit]s.t 

Pigs,  rabbits,  and  sucking  calves  suffer  from  diairhGea 
after  feeding  on  it. 

A  distinction  has  been  drawn  between  milk  which 
is  blue  when  drawn  and  that  which  is  blue  when 
coagulated  or  in  the  condition  of  cream,  the  former 
being  supposed  to  be  not  injurious  and  the  latter  in- 
jurious to  health.  The  probability  is  that  the  colour  is 
due  to  one  and  the  same  organism,  which  becomes 
poisonous  only  at  a  certain  stage  of  its  development 

The  blue  colour  has  been  attributed  to  the  consump- 
tion by  the  cows  of  certain  plants,  as  the  Mt/asotis 
palustris,  Mercurialis  perennis,  Fagopyrum,  Polygonum 
aviculare,  etc. 

MUk  is  a  fluid  which  is  extremely  liable  to  be 
affected,  as  to  its  odour  and  taste  and  quality,  by  the 
food  of  the  cows  that  secrete  it,  and  by  chemical 
changes  that  are  due  to  foul  conditions  of  air  to  which 
it  may  be  exposed,  and  to  the  special  ferments  which 
attach  themselves  to  it. 
langM  in  We  are  all  famUiar  with  the  taste  of  turnips  in  our 
milk  and  butter  during  the  depth  of  winter.  Vine  and 
chestnut  leaves  will  render  milk  bitter,  and  beech  leaves 

*  Opening  Address  at    King's  College,  London,    1877 ;  Brilitk 
Medical  Journal,  October  6th,  1877. 

t  Virchow's  Archiv,  Band  xliu.  page  161  (1868). 
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our. 
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will  dimiQish  the  supply  of  milk.  MUk  is  alec  bitter 
if  bitter  medicicea  have  beea  adminiBtered  to  the  cow, 
and  in  disease  of  the  liver. 

Milk  has  been  found  to  possess  a  sweet  ot  bitter 
unpleasant  taste  and  a  "  rotten "  disagreeable  odour 
when  supplied  by  cows  badly  kept  oa  damaged  forage 
and  filthy  water,  and  when  kept  in  dirty,  unwholesome, 
damp  dairies.* 

Mr.  Smee  exposed  milk  to  sewer  gas,  but  could 
find  no  change  in  composition  on  making  a  chemical 
analysis.  On  distilling  the  milk  at  a  temperature  not 
exceeding  120°  F.,  a  distillate  waa  obtained  which  had 
an  unpleasant  taste  and  an  offensive  smell.  "  Tasting 
the  distillate  set  up  intense  headache,  vigorous  rapid 
pulse,  and  was  followed  by  severe  diarrhoea."  f  Milk 
exposed  to  the  vapour  arising  from  animal  matter 
undergoing  putrid  decomposition,  similarly  treated,  was 
offensive  and  produced  results  dangerous  to  health. 

Chemical  Examination. 
The  average  composition  of  good  country  and  town 
fed  milk  is  thus  given  by  Wanklyn : — 
100  cub.  cent  contain — 
Gountry. 
Water  .  .  .  g0'09  grammeB. 

Fat       .  .  /    3  16 

Caseine  Milk  aoHds  1 3  '8 1  j  4  16  „  |  Milk  solida, 
Hilk-eugoT  (lactiu)  i    476         „        >       not  fat, 

Ash      .  .  .  (.   0-73         „        )        9-65. 

102-90 
*  I  Tinted  a  daiiyman'i  establishment  once  wlisre  the  water  in  the 
cowtbed,  with  which  the  milk  vu  confeesedl;  adulterated,  was  lewtge 
water,  and  the  cMis  of  milk  were  stored  in  a  bedroom  redolent  of 
organic  matter.  t  itiik  in  Health  and  Ditaat. 
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Water    . 

Fat       . 

Caseine  Milk  solids  14*47 

Milk-sugar  (lactin) 

Ash 


TotDfL 

88*43  giammea. 
4-12 


6*16 
4-43 
0-76 


n 
n 


n 


n 


\  Solids,  not 
V  £Bit^lO-3& 


102*90 


TheLicto- 


The  lactometer  is  simply  an  instrument  for  aaoeor- 
taining  the  specific  gravity  of  milk.  The  more  milk- 
sugar,  caseine,  and  other  mineral  matter  contained  in 
milk,  the  greater  the  specific  gravity.  The  efiect  of 
these  solids  is  more  or  less  coimteracted  by  the  fat 
globules,  which  tend  to  lower  the  gravity,  because  fat 
is  lighter  than  water.  As  the  addition  of  fat  tends  to 
diminish,  its  abstraction  (skimming)  most  increase,  tite 
specific  gravity.  The  practice  in  the  milk  trade  is  to 
rob  the  fresh  milk  of  cretim  by  pouring  into  it  sldmined 
milk.  The  specific  gravity  having  thus  been  raised 
abnormally  high,  is  toned  down  to  the  specific  gravity 
of  good  rich  milk  by  dosing  it  with  water. 

The  creamometer  is  an  instrument  which  is  equally 
fallacious. 

Milk  should  always  be  analysed  in  a  fresh  state, 
for  when  sour  or  otherwise  decomposed,  correct  det€^ 
minations  are  more  diflBcult.  Certain  allowances  in 
such  cases  have  to  be  made  which  introduce  discre- 
pancies, and  analysts  differ  as  to  what  those  corrections 
should  be. 

The  determination  of  the  amount  of  water  in  milk 
is  made  by  the  estimation  of  the  amount  of  milk  solids 
thus : — 

Procure  (1)  three  or  four  little  platinum  dishes 
12-81  to  14-47  each  of  which  is  numbered;  (2)  a  copper  water  bath 


Water  In 
mUk. 


Average 
milk  soUdi, 
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resembling  that  depicted  in  Fig.  6,  provided  -with  holes  gr 
correeponding  to  the  number  of  little  platinum  diahee,  |^ 
in  pl&ce  of  the  laige  holes  there  exhibited  ;  and  (3)  a 
bulb  pipette  graduated  to  5  c.  c.  Weigh  the  dish  and 
place  it  on  the  water-bath.  Having  shaken  the  sample 
of  milk,  place  S  c  c.  of  it,  measui^  Trith  the  pipette 
figured  below,  in  the  dish.  Light  the  Bunaen's  burner, 
^and  boil  the  water  in  the  bath  vigorously.     Complete 


evaporation  to  dryness  will  consume  three  hours.     At 

the  end  of  this  time  remove  the  platinum  dish,  wipe 

it,  and  wei^  it  immediately.     For  example  : — 

Milk  Bolida  and  platinum  dull        .  8'408 

PUtinum  dish       .  .  7-768 


Multiply  by  20  to  obtain  the  amount  present  in  100 
c.  c.  of  the  milk — 

■640  X  so  =  lS-80  gnutuneB  in  100  &  c  of  milk. 
As  100  c.  c.  of  average  milk  weigh  102*9  grammes, 
it  is  necessary,  if  it  is  wished  to  obtain  a  percentage 
statement,  to  divide  by  1'029. 


The  average  amount  of  milk  solids  in  country  and 
town  fed  milk  is  shown  in  the  foregoing  complete 
analyses. 

The  milk  solids  of  the  milk  of  well-fed  cows  has 
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never   been   known  to  fall   below  11*8   grammes  in 

100  c.  c* 

Aihinioo  The    adulteration   of   milk   with   chalk    or  other 

^ii^J^  inorganic  substance  is  easily  detected  by  an  estimation 

gnnaae,      of  the  asL     This  determination  also  serves  to  confinn 

or  otherwise  the  examination  as  to  water  adulteration, 

for  a  Tnilk  highly  adulterated  with  water  gives  too  low 

an  asL 

Place  the  platinum  dish  containing  the  dried  milk 

solids  on  a  pipe  triangle,  and  incinerate  with  the  flame 

of  a  Bimsen's  burner.     Allow  the   dish  to  cool,  and 

weigL     Subtract  the  weight  of  the  dish  from  that  of 

the  dish  and  ash,  and  multiply  the  result  by  20  to 

obtain  the  amount  of  ash  in  100  c.  c  of  milk.  For 

example : — 

Ash  and  platinum  dish  .  7  *807 

Platinum  dish  (No.  3)  .  7768 


•039 
*039  X  20  =  *78  gramme  of  ash  in  100  c.  a  of  milk. 

If  a  percentage  statementt  is  required,  divide  by 

1-029. 

•78  ^  1*029  =  -76  per  cent  of  ash. 

Average  of  If  it  is  Considered  desirable  to  know  the  extent  of 

^iT^ieto  ''catering  to  which  a  milk  has  been   subjected,  it  is 
412  grains    ncccssary  to  estimate  the  amount  of  fat  in  the  milk 
of  milk.       This   determination   is  somewhat  troublesome,  and  is 
attended  with  a  very  sensible  error  from  loss  of  fat, 
unless  performed  in  the  following  manner  : — 5  c.  c.  of 


*  Payen  asserts  that  goats*  milk  contains  14*4  per  cent,  and 
milk  9 '5  per  cent  of  solids. 

t  The  resalts  of  an  analysis  are  nearly  always  recorded  in  the  form 
of  a  percentage,  as  such  a  mode  of  statement  is  more  easily  understood 
by  the  public. 
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tixe  milk  to  be  examined  are  evaporated  on  the  copper 
water  bath  to  a  condition  of  a  thick  paste  in  a  thin 
Berlin  porcelain  dish  of  about  2^  inches  in  diameter. 
As  it  ie  evaporating,  move  aside  the  scum  that  forms 
on  the  surface  of  the  milk  by  means  of  a  short  glass 
rod,  which  may  couvenieDtly  be  allowed  to  remain  in 
the  dish.  When  it  has  evaporated  so  far  as  to  become 
of  a  sticky  pasty  condition,  remove  the  dish  from  the 
water  bath.  A  funnel  provided  with  a  filter  should  be 
supported  by  a  ring  of  a  retort  stand  over  a  platinum 
di^  of  such  a  capacity  that  it  will  bold  comfortably 
100  C.C 

Place  a  latge  Berlin  dish  containing  some  very  hot 
water  near  at  hand.  Moisten  the  filter  with  a  little 
methylated  ether  (10  c.  c),  allowing  it  to  flow  into  the 
platinum  dish.  Pour  this  ether  from  the  platinum 
dish  into  the  Berlin  dish  containing  the  milk  residue, 
and  mix  the  same  with  the  ether  as  thoroughly  as 
possible  by  the  aid  of  the  glass  rod.  Place  the  Berlin 
dish  on  the  surface  of  the  hot  water,  so  as  to  make 
the  ether  boil,*  and  then  pour  it  on  the  filter.  Pour 
a  second  10  c.  c.  of  ether  into  the  Berlin  dish  on  the 
milk  residue,  and  by  aid  of  the  glass  rod  expose  the 
whole  of  the  sticky  mass  to  the  influence  of  the  ether. 
Then  float  the  dbh  again  on  the  surface  of  the  hot 
water  in  order  that  the  etlier  may  boil,  and  pour  it  on 
the  filter.  A  washing  should  not  be  thrown  on  the 
filter,  until  the  previous  washing  has  passed  through 
into  the  platinum  dish.  A  third  and  a  fourth  10 
c.  c.  of  ether  are  now  poured  into  the  Berlin  dish,  and 
dealt  with  in  a  similar  manner.  By  the  help  of  a  clean 
finger,  every  portion  of  the  sticky  contents  of  the  dish 
*  It  will  Im  letDcmbered  that  ether  boiU  at  a  terj  low  tt 
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should  be  broken  up  and  thoionghly  exposed  to  the 
solvent  action  of  the  ether.  Before  removal  the  finger 
should  be  washed  with  a  drop  or  two  of  pure  d^tMSt, 
The  Berlin  dish  is  floated  again  in  the  hot  water  to 
make  the  ^her  boiL  It  should  then  be  poured  on 
the  filter.  A  fifth  washing  with  10  c.  a  by  the  aid  of 
the  finger  should  now  be  performed  in  the  same 
manner  as  the  last  When  no  fat  globules  are  dis- 
cernible on  the  edge  of  the  inside  of  the  dish  towards 
which  they  creep,  and  when  the  addition  of  a  few 
drops  of  fresh  ether  does  not  raise  any  towards  the  edge^ 
we  know  that  the  washing  is  complete,  and  vice  iwnl 
It  will  be  seen  that  about  50  a  c.  of  ether  are  used 
up  to  the  present  tima 

Around  the  edges  of  the  filter  in  the  funnel  will 
now  be  noticed  some  fat  globules.  To  remove  them, 
pour  a  little  ether  on  to  the  edge  of  the  filter,  turning 
around  the  funnel  whilst  so  doing.  The  ether  will 
dissolve  the  fat,  and  the  solution  will  run  down  be- 
tween the  filter  and  the  funnel  into  the  platinum  dish. 
A  little  fat  will  also  be  found  on  the  outside  of  the 
tube  of  the  funnel,  that  has  crept  up  from  the  inside. 
Take  it  off  with  a  clean  finger,  and  wipe  the  finger  on 
the  edge  of  the  platinum  dish.  Evaporate  the  solution 
of  fat  in  ether  to  dryness  on  a  water  bath,  guarding 
against  the  violent  ebullition  of  the  ether,  which  it 
should  be  remembered  boils  at  about  the  temperature 
of  the  body.  The  evaporation  of  the  ether  may  be 
conveniently  accomplished  during  a  temporary  absence, 
by  floating  the  platinum  dish  containing  the  ether  on 
a  large  dish  full  of  hot  water.  After  evaporation, 
weigL 

The  difierence  between  the  weight  of  the  dish  and 


■^^ 
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that  of  the  disb  and  the  fat  shonld  be  multiplied  hj 
20  to  obtain  the  amount  of  fat,  as  grammes,  contained 
in  100  c  c.  of  Qulk.  If  the  percentage  of  fat  is  re- 
quired, it  is  obtained  by  dividing  the  amount  of  fat  by 
1029.     For  example: — 

Fat  and  platinum  dish        .  .     30349 

Platinum  diih        .  .  .     30-SOI 

Weight  of  ht  .  ,         '148  grunnie. 

-148  in  5  c  C.X  20  =  2-96  grammes  of  &t  in  100  cc. 
of  milk,  or  2-8  per  cent  of  fat 

Deduct  the  quantity  of  fet  from  the  total  milk  solids, 
and  the  important  datimi  "  solids  not  fat "  is  obtained. 

Hie  amount  of  fat,  and  of  "  solids  not  fat,"  contained 
in  good  country  and  town  milk  are  seen  in  the  fore- 
going complete  analyses. 

Casein. — ^The  residue,  after  the  removal  of  the  fatty  a 
matters  by  ether,  consists  of  casein,  lactin  or  milk-sugar, 
and  ash.  The  lactin  and  the  soluble  portion  of  the 
ash,  namely  the  chlorides,  are  separated  from  the  casein 
by  digesting  the  residue  with  very  weak  hot  alcohol 
On  filtration  the  casein  is  left  on  the  filter  paper,  from 
which  it  is  washed  into  a  little  platinum  dish.  Keep  the 
dish  on  the  water  bath  to  dry  the  casein  until  it  ceases 
to  lose  weight.  Weigh  the  dish  containing  the  dried 
casein,  ignite  the  casein,  and  subtract  the  weight  of  the 
dish  and  the  adhering  phosphate  of  Ume.  We  then 
arrive  at  the  weight  of  the  casein  in  5  e.  c.  of  milk, 
which,  if  multiplied  by  20,  yields  the  quantity  in  100 
c.  c.  of  milk.  If  a  percentage  statement  is  required,  the 
result  must  be  divided  by  1'029. 

Lactin  or  MiUc-Sugar.^The  process  employed  by  i* 
me  in  estimating  the  milk-sugar  is  that  described  in 
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Parkes'  Hygiene  by  means  of  Fehling's  solution.     Take 
10  c.  c.  of  milk,  add  a  few  drops  of  acetic  acid,  and 
warm ;  this  coagulates  the  casein  with  the  fat ;  then 
make  up  100  c  c  with  distilled  water,  filter,  and  put 
the  filtered  whey  (which  ought  to  be  as  clear  as  possible) 
into  a  burette.     Take  10  c.  c.  of  Fehling^s  standard 
copper  solution,^  put  it  in  a  porcelain  dish,  and  add  20 
or  30  c.  c.  of  distilled  water ;  boil  it;  as  soon  as  it  is  in 
brisk  ebullition,  drop  in  the  whey  from  the  burette ; 
take  care  that  the  liquid  is  boiling  all  the  time  ;  con- 
tinue the  process  until  the  copper  is  all  reduced  to  red 
suboxide,  and  no  blue  colour  remains  in  the  super- 
natant liquid,  but  stop  before  any  yellow  colour  ap- 
pears.    Bead  off  the  amount  of  whey  used,  and  divide 
by  10 ;  the  result  is  the  amount  of  milk  which  exactlj 
decomposes  10  c.  c.  of  the  copper  solution.     The  10 
c.  c.  of  the  copper  solution  are  equal  to  '0667  grammes 
of  lactin.     The  amount  of  lactin  in  the  1 0  c  c.  of  milk 
is  then  known  by  a  simple  rule  of  three ;  and  the  amount 
in  100  c.  c.  of  milk  is  at  once  obtained  by  sliifting  the 
decimal  point  one  figure  to  the  right.     Example : — 

16  c.  c.  of  diluted  whey  were  required  to  reduce  the  10  c  c 
of  copper  solution;  H  =  l-6,  the  amount  of  original  milk; 
0-0667  -^  1-6  =  0  0445  gramme  of  lactin  in  1  c  c.  ;  there- 
fore 00445  X  100  =  4-45  per  cent 

Amoant  of         To  Calculate  the  Amount  of  toater  added  to  a  milk — 

water  added.  Multiply  the  amount  per  cent  of  "solids  not  fat"  found  in 

the  sample  by  100,  and  divide  by  9*3.     For  example : — 

*  2tecipe  of  Fehling's  Cepper  SoitUion, 

Pure  Sulphate  of  Copper  .  .  .     34 '64  grammes  )  tx-     i 

DistiUed  Water    .  .  .  .     200'    c.  c  j  ^^^^"^ 

Tartrate  of  Soda  and  Potash         .  .173-    grammes  \  j^.     i 

Sol.  of  Caustic  Soda  or  Caustic  Potash    .     480-    c.  c.  \  ^i««>^^«- 

Mix  the  two  solutions  slowly,  and  dilute  with  distiUed  water  to  one 
litre.     1  c.  c.  =  '00667  gramme  of  lactin  or  milk-sugar. 
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8*4      Bolids  not  fat. 
100 


481 


9'3)840'00(90'3  real  milk. 
837 


300 
279 

The  difference  between  result  and  100  is  added 

waier,  which  in  this  case  is 

100 
90-3 


9-7 
Answer — 9*7  per  cent  of  water. 

To  calculate  the  Amount  of  Fat  removed. — ^Multiply  Amount  of 

the  amount  of  "  solids  not  fat "  found  in  the  sample  of  *  ^^^^ 

milk  by  3*2,  and  divide  by  93.     From  the  product 

deduct  the  amount  of  fat  yielded  by  the  milk.     The 

difference  is  the  fact  abstracted.     For  example : — 

9*04  solids  not  fat,  found  in  sample. 
3'2  quantity  (roughly)  of  fat  found 
■  in  pure  country  milk. 

1808 
2712 


"  Solids  not  fat "  in  9*3)28-928(3-ll   fat  equal  to  "solids   not 
100  grammes  (not        279  fat"   found  in   sample 

100  c.  c.)  of  pure      (904). 

country  milk.  102 

93 


98 
93 


311  6 

1*22  fat  found  in  sample. 


1'89  quantity  of  fat  abstracted  from  sample  of  milk. 
1*89  X  5  =  9'46  of  cream  removed. 

2l 


MQks. 
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A  great  controversy  has  taken  place  for  some  time 
past  as  to  the  extent  to  which  the  components  of  milk 
may  vary  imder  the  influence  of  feeding,  age,  time  of 
year,  distance  of  time  from  calving,  etc.  Certain  cows 
Abnormal  produce  what  are  termed  abnormal  milks ;  that  is,  milks 
that  are  exceptionally  rich  or  exceptionally  poor. 

The  following  analyses  of  rich  and  poor  milk  were 
made  by  Dr.  Shea  and  Mr.  John  Pattinson.  The  rich 
milk  was  obtained  from  an  animal  fed  on  a  sewage 
farm,  chiefly  on  rye-grass,  and  the  latter  from  a  perfectly 
healthy  Durham  shorthorn,  fed  on  turnips,  brewers' 
grains,  peasmeal,  and  hay : — 

Sp.  Or.        Total  Solids.     Fat  Solids  not  Fat        Ask. 

Rich  milk    1035  14*8         5*6  9*20  '85 

Poor  milk    1023  9*94       3*0  6*94  -95 

Milk  taken  at  the  commencement  of  a  milking, 
which  is  called  "  fore  milk,"  is  poorer  than  that  drawn 
afterwards,  and  that  which  is  obtained  at  the  termina- 
tion of  a  milking  is  generally  rich  with  cream. 

The  law  provides  that  milk  shall  be  taken  to  mean 
whole  milk,  that  is,  the  mixed  milk  of  an  entire  milking. 

Altliough  the  milk  of  individual  cows  may  be  found 
to  vary,  the  milk  of  a  dairy  which  consists  of  a  mixture 
of  the  poor  with  the  rich  is  pretty  constant  in  compo- 
sition. 

Mr.  J.  Carter  Bell  has  recently  made  analjrses  of 

the  milk  of  183  cows  belonging  to  different  dairies,  the 

average  of  which  (excluding  that  of  two  cows  whose 

milk  was  in  an  abnormal  state)  is  as  follows  : — * 

Total  Solids           .              .  .  13*60 

Solids  not  fat        .              .  .  9-90 

Fat           ...  .  3-70 

Ash          .              .              .  .  "76 

*  Analyst,  December  1877,  p.  155. 
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Making  every  aUowance  for  variations  in,  composi- 
tion, the  Society  of  Public  Analysts  have,  after  much  standard  of 
consideration,  recommended  that  9  per  cent  of  "  solids  *^*****  ™^^ 
not  fat,"  and  2*5  per  cent  of  fat  should  be  recognized 
as  the  minimum  limits  of  these  constituents  of  milk. 
Dr.  Voelcker,  who  uses  extinct  and  antiquated  methods 
of  analysis,  and  Dr.  Campbell  Brown,  who  obtains 
curious  results,  probably  from  operating  on  large  quan- 
tities of  milk,  consider  that  this  limit  is  too  high.  The 
latter  writes  :*- — "  It  is  not  safe  to  assert,  on  analytical 
grounds  alone,  that  a  sample  of  milk  is  adulterated  with 
water,  unless  it  contains  below  11  per  cent  of  total 
solids,  as  well  as  below  9  per  cent  of  solids  not  fat ; 
nor  even  then,  if  it  contains  so  much  as  2*7  per  cent 
of  fat." 

The  Inland  Eevenue  chemists  at  Somerset  House 
hold  views  as  to  the  variability  of  the  composition  of 
milk,  which  differ  from  the  large  majority  of  chemists. 

All  this  lamentable  divergence  of  opinion  has  led  to 
a  result  that  might  have  been  anticipated — namely,  that 
magistrates  will  not  con\dct  in  cases  where  the  adul- 
teration with  water  does  not  exceed  10  per  cent,  so  that 
milk-sellers  may  cheat  to  at  least  this  extent  without 
fear  of  punishment. 

MUk  of  Diseased  Animals, 

Happily  this  secretion  diminishes  or  disappears  in 
many  of  the  diseases  of  animals,  notably  in  anthrax. 

Loiset  states  that  at  the  public  abattoir  of  Lille  the 
employes  of  tlie  cattle  dealei*s  and  salesmen  have  con- 
sumed the  milk  of  diseased  cows  for  a  great  number  of 
years  without  the  slightest  inconvenience. 

♦  Chemical  News,  July  1876. 
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Parkes'  Ify^itne  by  means  of  Fehling's  soIutioiL  Take 
10  c.  c.  of  milk,  add  a  few  drops  of  acetic  acid,  and 
warm ;  this  coagulates  the  casein  with  the  fat ;  then 
make  up  100  c  c  with  distilled  water,  filter,  and  put 
the  filtered  whey  (which  ought  to  be  as  clear  as  possible) 
into  a  burette.  Take  10  c.  c.  of  Fehling's  standard 
copper  solution,^  put  it  in  a  porcelain  dish,  and  add  20 
or  30  c  c.  of  distilled  water;  boil  it;  as  soon  as  it  is  in 
brisk  ebullition,  drop  in  the  whey  from  the  burette ; 
take  care  that  the  liquid  is  boiling  all  the  time  ;  con- 
tinue the  process  until  the  copper  is  all  reduced  to  red 
suboxide,  and  no  blue  colour  remains  in  the  super- 
natant liquid,  but  stop  before  any  yellow  colour  ap- 
pears. Bead  off  the  amount  of  whey  used,  and  divide 
by  10  ;  the  result  is  the  amount  of  milk  which  exactly 
decomposes  10  c.  c.  of  the  copper  solution.  The  10 
c.  c.  of  the  copper  solution  are  equal  to  '0667  grammes 
of  lactin.  The  amount  of  lactin  in  the  10  c  c  of  milk 
is  then  known  by  a  simple  rule  of  three ;  and  the  amount 
in  100  c.  c.  of  milk  is  at  once  obtained  by  shifting  the 
decimal  point  one  figure  to  the  right     Example  : — 

15  c.  c.  of  diluted  whey  were  required  to  reduce  the  10  c  c. 
of  copper  solution;  ii  =  l'5,  the  amount  of  original  milk; 
0*0667  -r-  1-5  =  0*0445  gramme  of  lactin  in  1  c  c.  ;  there- 
fore 00445  X  100  =  4-45  per  cent 

Amount  of         To  Calculate  the  Amount  of  ivaier  added  to  a  milk. — 

ir«t«r added.  Multiply  the  amount  per  cent  of  "soUds  not  fat"  found  in 

the  sample  by  100,  and  divide  by  9*3.    For  example  : — 

*  Recipe  of  Fehling's  Copper  Solution, 

Pure  Sulphate  of  Copper  .  .  .     34*64  grammes  \  f^.     « 

Distilled  Water    .  .  .     200-    c.  c  J  l^issolve. 

Tartrate  of  Soda  and  Potash         .  .173*    grammes  )  jx.     , 

Sol.  of  Caustic  Soda  or  Caustic  Potash    .     480-    c.  c.  \  ^>«»o^^«- 

Mix  the  two  solutions  slowly,  and  dilute  with  distilled  water  to  one 

litre.     1  c.  c.  -=  '00667  gramme  of  lactin  or  milk-sugar. 
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8-4     solida  not  &t 
100 

9-3)64O-00(90-3  real  milk. 


The  difference  between  result  and  100  is  added 
water,  whicli  in  this  case  is 


SO-3 


^(wioer — 9'7  per  cent  of  wkUr. 

To  calculate  the  Amount  of  Fat  removed, — Multiply  a 
the  amotut  of  "  solids  not  /at "  found  in  the  sample  of 
milk  by  3-2,  and  divide  by  93.     From  the  prodact 
dedact  the  amount  of  fat  yielded  by  the  millr,     The 
difference  is  the  fact  abstracted.     For  example : — 

9'04  Bolids  not  1st,  found  in  sample. 
ZS  quantity  (roughly)  of  fat  fonnd 
■  in  pure  country  milk. 


2712 

)26-9S8{3'll  fiit  eqnal  to  "solids  not 

279  fat"   found  in  sample 

(9-04). 


"  Solids  not  fat "  in  9*3 
100  grominea  (not 
100  c  c)  of  pure      • 
country  milk. 


*89  quantity  of  fat  abstracted  from  a 
=  9-46  of  cieam  removed. 


nple  of  milk. 


Maks. 
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A  great  controyersy  has  taken  place  for  some  time 
past  as  to  the  extent  to  which  the  components  of  milk 
may  vary  imder  the  influence  of  feeding,  age,  time  of 
year,  distance  of  time  from  calving,  etc.  Certain  coi^s 
Atmormai  produce  what  are  termed  abnormal  milks ;  that  is,  milks 
that  are  exceptionally  rich  or  exceptionally  poor. 

The  following  analyses  of  rich  and  poor  milk  were 
made  by  Dr.  Shea  and  Mr.  John  Pattinson.  The  rich 
milk  was  obtained  from  an  animal  fed  on  a  sewage 
farm,  chiefly  on  rye-grass,  and  the  latter  from  a  perfectly 
healthy  Durham  shorthorn,  fed  on  turnips,  brewers' 
grains,  peasmeal,  and  hay : — 

Sp.  Or.        Total  Solids.     Fat  Solids  not  Fat        AsL 

Riclimilk    1035  14-8         5*6  9'20  -85 

Poor  milk    1023  9*94       3*0  6'94  '95 

Milk  taken  at  the  commencement  of  a  milking, 
which  is  called  "  fore  milk,"  is  poorer  than  that  drawn 
afterwards,  and  that  which  is  obtained  at  the  termina- 
tion of  a  milking  is  generally  rich  with  cream. 

The  law  provides  that  milk  shall  be  taken  to  mean 
whole  milk,  that  is,  the  mixed  milk  of  an  entire  niilking. 

Although  the  milk  of  individual  cows  may  be  found 
to  vary,  the  milk  of  a  dairy  which  consists  of  a  mixture 
of  the  poor  with  the  rich  is  pretty  constant  in  compo- 
sition. 

Mr.  J.  Carter  Bell  has  recently  made  anal}rses  of 

the  mUk  of  183  cows  belonging  to  difierent  dairies,  the 

average  of  which  (excluding  that  of  two  cows  whose 

milk  was  in  an  abnormal  state)  is  as  follows  : — ' 

Total  Solids           .              .  .  13*60 

Solids  not  fat        .              .  .  9*90 

Fat           ...  .  3-70 

Ash          .              .              .  .  -76 

*  Analyst,  December  1877,  p.  155. 
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Making  every  allowance  for  variations  ii^  composi- 
tion, the  Society  of  Public  Analysts  have,  after  much  st 
consideration,  recommended  that  9  per  cent  of  "  Bolids  ** 
not  fat,"  and  2  5  per  cent  of  fat  should  be  recognized 
as  the  minittiiim  limits  of  these  constituents  of  milk. 
Dr.  Voelcker,  who  uses  extinct  and  antiquated  methods 
of  analysis,  and  Dr.  Campbell  Brown,  who  obtains 
curious  results,  probably  from  operating  on  largo  quan- 
tities of  milk,  consider  that  this  limit  is  too  high.  The 
latter  writes  :* — "  It  is  not  safe  to  assert,  on  analytical 
gronnds  alone,  that  a  sample  of  milk  is  adulterated  with 
water,  unless  it  contains  below  11  per  cent  of  total 
solids,  as  well  as  below  9  par  cent  of  solids  not  fat; 
nor  even  then,  if  it  contains  so  much  as  2'7  per  cent 
of  fat." 

The  Inland  Bevenue  chemists  at  Somerset  House 
hold  views  as  to  the  variability  of  the  composition  of 
milk,  which  differ  from  the  lai^  majority  of  cbenusts. 

All  this  lamentable  divergence  of  opinion  has  led  to 
a  result  that  might  have  been  anticipated — namely,  that 
magistrates  will  not  convict  in  cases  where  the  adul- 
teration with  water  does  not  exceed  1 0  per  cent,  so  that 
milk-sellers  may  cheat  to  at  least  this  extent  without 
fear  of  punishment 

MUk  of  Diseased  Animals. 

Happily  this  secretion  diminishes  or  disappears  in 
many  of  the  diseases  of  animals,  notably  in  anthrax. 

Loiset  states  that  at  the  public  abattoir  of  Lille  the 
employes  of  the  cattle  dealers  and  salesmen  have  con- 
sumed the  milk  of  diseased  cows  for  a  great  number  of 
years  without  the  slightest  inconvenience. 

•  Chemicat  Ifeiet,  July  1876. 
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Milk  is  not  the  diet  of  men  and  women,  but  of  chil- 
dren, amongst  whom  the  mortality  under  five  years  of 
age  of  affections  resulting  from  improper  food  is  Mght- 
fuL  The  assertion  of  Loiset  as  to  the  harmlessness  d 
the  milk  of  diseased  animals  to  men  seems  in  no  way 
to  determine  whether  or  not  such  milk  is  wholesome 
as  the  food  for  the  sucking  animal,  for  which  it  was 
alone  designed  by  nature. 

The  milk  of  diseased  animals  does  not  keep  well 
It  is  found,  on  microscopic  examination,  to  contain  pus, 
blood,  and  a  larger  quantity  of  epithelium  than  is  pre- 
sent in  good  milk,  casts  of  lacteal  tubes,  vibriones,  cells, 
granules,  etc.  The  milk  of  animals  that  have  been 
driven  fast,  which  is  termed  "  heated  milk,"  has  been 
found  to  produce  colic  and  diarrhoea  amongst  children. 

Cdttle  Plague, — There  is  no  evidence  to  prove  that 
[jJI^^^  the  milk  of  animals  suffering  from  cattle  plague  is 
hurtful.  The  changes  that  occur  in  it  are,  according 
to  Dr.  A.  Gamgee,  as  follows  : — 

1.  Eemarkable  diminution  of  sugar  of  milk. 

2.  Enormous  increase  (except,  perhaps,  at  the  com- 
mencement) of  butter. 

3.  Slight  increase  of  salts. 

4.  The  casein  is  generally  increased. 

The  milk  of  animals  in  a  state  of  disease  which  ex- 
hibits such  a  derangement  in  the  normal  proportion  of 
its  ingredients  cannot  be  wholesome  as  the  staple  food 
for  infants  and  children. 

ContagioiLS  Pleuro-pncumonia,^ — There  is  no  e\adence 
to  prove  that  the  milk  of  animals  affected  with  this 
disease  is  hurtful  to  adults  or  middle-aged  persons. 

Foot-and-mouth  Di&ease, — Much  discussion  has  taken 


:attle 
*lAgaeor 


leuro- 
neumonia. 
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place  as  to  whether  the  milk  of  cowb  saffering  from  vo 
thia  disease  is  injurious  or  not  to  man.  ^ 

Figs  fed  with  the  milk  of  animals  thus  affected  are 
iuYorisbly  seized  with  the  disease  in  a  few  houra.  It 
generally  destroys  sucking  pigs  and  calves. 

Aphthous  and  herpetic  patches,  followed  by  sores, 
and  sometimes  diairbcea,  have  been  attributed  to  the 
use  of  such  milk. 

These  symptoms  have  natiually  been  observed  moat 
amongst  children,  because  they  are  our  great  milk-con- 
aumera.  The  condition  of  the  milk  differs  much,  accord- 
ing as  the  uddera  are  more  or  lees  affected.  The  milk 
is  sometimes  unaltered  to  the  unaided  eye ;  at  others  it 
is  red,  or  brown,  or  yellow, 
ftom  the  presence  of  blood 
and  pus,  or  ropy,  or  re- 
sembling whey  and  curds, 
or  fcetid.  Microscopically 
it  is  found  to  resemble  the 
milk  of  catUe  affected  with  , 
rinderpest.  In  the  first 
Btage  an  aggregation  of  the  •$!} 
milk  corpuscles  takes 
place.  Subsequently  pale, 
fine  granides,  spherical  "*■" 
granular  cells  a  little 
larger  than  pus  corpuscles,  bacteria,  vibriones,  epithelial 
cells,  yellow  granular  masses  not  unlike  colostrum 
globules  ^en  in  the  ™\\t  of  cows  newly  calved,  may 
be  discerned. 

The  mOk  irom  which  the  drawing,  F%.  94,  was 
made,  was  taken  from  a  cow  which  had  been  sufferii^ 
ftom.  the  disease  for  ten  days.     The  fluid,  after  stand- 
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{  for  some  time,  separated  into  two  parts — a  cordj 
deposit  and  an  ambo- 
coloured  whey.  Tbe 
same  elements  wen 
found  in  both  cm- 
atituents,  viz.,  la^ 
granular  masses  of  » 
browniah-yellow  c<J- 
our,  numerous  pua-liJa 
bodies,  bacteria,  vibri- 
.  ones,  moving  spherical 
bodies,  and  a  few  mill: 
_^^      globules.     These  mto' 

OfY  (U^^  ^  ^''^      elements     were 

\^^^^m  £'\  found  in  specimens  of 
^f^^^-\  K.  1  milk  which,  in  their 
phj'sieal  characteia, 
presented  no  appreci- 
r-  able  peculiarity  to  the 
unaided  eye.* 
Mr.  Wynter  Blyth  has  noticed,  about  the  third  day, 
some  elongated,  flattened,  highly  refractive  bodies, 
shji  ''"  nAra  ""''^  "'  length.  On  the  fourth  day  they 
become  few  in  number,  and  disappear  during  the  lah? 
stages. 

As  to  the  chemical  composition  of  the  milk,  he  baa 
found  that  its  constituents  vary  much  in  amount  during 
the  progress  of  the  disease.  During  these  fluctuations 
there  is  a  deficiency  of  fat,  of  salte,  and  of  Ttiiiy  sohds 
not  fat,  the  last  named  falling  below  nine  per  cent  on 
one  or  two  occasions.+ 

•  Lancet,  October  23d,  1M9. 
f  Proceedings  of  the  Society  of  Public  Andyits,  1878,  toL  L  pi  238. 
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Continental  veterinarians  recognize  foot-and-ntouth 
-  disease  milk  by  its  easj  coagulability  on  tbe  application 
of  the  least  heat,  with  a  sepaiatioa  into  numerous  little 
ctirds  floating  on  the  vbey,  the  latter  being  of  a  pale- 
bluish  coloiir. 

There  is  a  strong  impression  afloat  that  milV  drunk 
in  a  warm  state,  direct  from  &  cow  affected  with  the 
disease,  is  more  likely  to  produce  the  foot-and-mouth 
disease  than  when  cold,  and  that  by  boiling  the  milk 
all  danger  is  removed.  There  appears  to  be  no  doubt 
but  that  the  discharges  from  the  vesicles  and  sores  of 
cattle  suffering  from  this  exanthem  will,  if  introduced 
into  chaps  or  abrasions  of  the  skin  in  man,  create  a 
diseased  condition  resembling  the  foot-and-mouth  dis- 
ease of  cattle,  attended  by  violent  constitutional  dis- 
turbance. 

Negative  evidence  as  to  the  injurious  nature  of  foot- 
and-mouth  disease  milk  is  aflbrded  by  the  investigations 
of  the  French  Commune  in  1839,  by  the  epidemics  of 
1810,  1811,  1834,  and  1835,.  in  Paris,  by  Lawson 
Tait,*  and  Dr.  Thome  Thome. 

Positive  evidence  is  given  by  Eoll,  M'Bride,t 
Gooding^  Hislop,§  Latham,]|  Briscoe,!!  and  Nauheimer. 
Cases  where  the  foot  was  also  involved  have  been  re- 
corded by  Spinola**  and  Amyottt 

Stomatitis,  with  aphthous  ulcerations  in  the  mouth 

*  llediatl  Tima  and  QaxdU,  October  I8SB. 

I-  BTitiah  Medical  Joitmal,  November  13,  1S6S. 

t  Mtdical  Times  and  OaietU,  JannaTy  1872. 

9  Edinburgh  Uediail  Jowrutl,  Norember  1866. 

n  BrUUh  l/edieal  Journal,  May  1872. 
V  Briliih  Medical  Journal,  October  1872. 
"  Seeueil  de  Mid,  ViUr.,  1873,  p.  677. 
tt  Me^eoi  Timu  and  OaidU,  Noremba  4,  1871. 
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of  children,  is  known  to  be  produced  by  milk  which 
contains  pus  from  an  abscess  in  the  udder.  ''Sore 
mouths  "  were  exceedingly  prevalent  amongst  the  chil- 
dren throughout  the  country  during  the  extensive  out- 
break of  foot-and-mouth  disease  in  1869.  The  con- 
clusions arrived  at  by  Dr.  Thome  from  an  investiga- 
tion made  by  him  on  the  ''Effects  produced  on  the 
human  subject  by  consumption  of  milk  from  cows  hav- 
ing foot-and-mouth  disease"  are  as  follows: — *  (1.)  That 
a  disease  appears  sometimes  to  have  been  produced  in 
the  human  subject,  when  the  milk  of  cows  suffering 
from  foot-and-mouth  disease  has  been  freely  used  with- 
out being  boiled.  There  is  no  evidence  to  show  whether 
this  affection  is  of  a  specific  nature  or  not ;  but  it  seems 
to  consist  in  a  derangement  of  the  alimentary  canal, 
accompanied  by  febrile  disturbance,  the  presence  of 
vesicles  on  the  mucous  membrane  of  the  mouth  and 
tongue,  which,  having  ruptured,  leave  superficial  ulcera- 
tions, and  at  times  a  herpetic  eruption  about  the  ex- 
terior of  the  lips.  (2.)  That  in  a  very  large  number  of 
cases  the  milk  of  cows  undoubtedly  affected  has  been 
used  without  producing  any  noticeable  morbid  effects. 
This  absence  of  result  may,  though  only  to  an  incon- 
siderable extent,  have  been  due  to  the  smallness  of  the 
consumption  and  the  boiling  of  the  milk. 

Outbreaks  of  illness  from  the  employment  of  milk 
from  foot-and-mouth  disease  cattle  are  recorded  in 
British  Medical  Journal,  November  30  and  December 
25,  1875,  and  in  other  periodicals. 

The  knowledge  that  we  at  present  possess  as  to  the 
milk  in  this  disease  warrants  us  in  prohibiting  the 
employment  of  it  in  any  shape  for  children,  and  in  dia- 

Twelfth  Report  of  Medical  Officer  of  Privy  Council,"  1869. 
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goading  odulta  from  usiog  it  unless  it  is  boiled  and 
presents  the  physical  characters  of  good  milk. 

Antkradc  Diseases. — The  milk  of  animals  afTected  Auuumoi 
■with  these  diseases  is  seldom  consumed,  partly  because  ™™"* 
the  secretion  is  very  soon  suspended,  and  partly  because 
the  physical  appearance  of  the  little  iriiTlt  that  is  sup- 
plied prevents  its  employment  It  is,  so  fleming  aays,* 
of  a  dirty  bluish  colour,  streaked  with  blood,  and  soon 
becomes  putrid. 

Cases  are  recorded  of  diarrhcea  and  anthracic  affec- 
tions havii^  been  produced  in  man  by  drinking  the 
milk  of  diseased  animals.  Sucking  pigs  die  in  great 
numbers  when  sows  are  infected  with  "  hog  cholera." 

TtJxTCulosis  amongst  Dairy  Cattle. — The  most  recent  Tii'>w;i»- 
investigations  show  that  the  disease  known  as  tuber- 
culosis in  man,  consisting  as  it  does  of  the  deposition  of 
tubercles  in  various  parts  of  the  body,  especially  in  the 
lungs  and  mesenteric  glands,  is  a  communicable  disease. 
That  the  same  disease,  as  it  exists  in  cattle,  can  be 
conveyed  to  calves,  rabbits,  guinea  pigs,  etc^  by  the 
milk  of  an  animal  suffering  from  the  disease,  has  been 
proved  over  and  over  again  by  Chauveau,  Klebs,  Ger- 
lach,  Leiaering,  Ziim,  Bollinger,  and  othera. 

Elebs  asserts  that,  when  mi  Ik  has  been  deprived  of 
its  solid  particles,  the  tuberculous  virus  is  found  in  the 
fluid  portion,  that  it  is  not  destroyed  by  cooking,  and 
that  it  is  all  the  more  active  as  the  disease  has  reached 
to  an  advanced  stage.  He  is  of  opinion  that  the  dis- 
ease may  be  developed  in  children  through  the  medium 
of  the  milk.  That  such  milk  is  liable  to  excite  diar- 
rhoea and  debility  in  children  has  been  recf^nized. 

*  A  Manvat  of  Ftteriitary  Santiary  Seima  and  Poliee,  Tot  u. 
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Taberculosis  is  a  disease  wliich  is  somewhat  conmKm 
amongst  dairy  cows  that  are  shut  up  in  towns  in  dose, 
ill-ventilated,  and  fonl  cowhouses.  The  milk  of  such 
diseased  animals  is  deficient  in  fat,  sugar,  and  nitrogen- 
ous elements,  whilst  it  possesses  an  increased  proportion 
of  earthy  matters.  In  these  days  when  the  filthy  feed- 
ing bottle,  containing  its  imitation  of  mother^s  milk,  in 
the  shape  of  cow's  milk,  sugar,  and  water  and  a  pinch 
of  salt,  is  almost  universally  substituted  for  the  supply 
afforded  by  nature,  can  it  be  wondered  at  that  there 
should  be  such  an  annual  Herodian  slaughter  of  inno- 
cents from  diarrhoea,  debility,  atrophy,  etc^  when  it  is 
remembered  that  an  immense  quantity  of  the  Tnfllr  of 
animals  thus  diseased  is  sold  throughout  the  country  ? 

The  milk  of  milch  cows  suffering  from  tuberculosis 
should  not  be  employed  by  children.  The  milk  of  all 
institutions  occupied  by  the  young,  wliich  are  situated 
in  his  district,  should  be  analysed  by  the  medical  officer 
of  health,  for  he  should  be  acquainted  with  the  condi- 
tion of  this  "  all  in  one  "  sort  of  nutriment,  as  supplied 
in  large  quantity  for  the  food  of  children. 

If  such  milk  should  contain  a  deficiency  of  nitro- 
genous, fatty,  and  saccharine  matters,  as  exhibited  by 
very  low  milk  solids,  and  if  it  is  at  the  same  time  rich 
in  mineral  constituents,  there  is  a  suspicion,  if  unadul- 
terated, that  the  milk  is  derived  from  animals  suffer- 
ing from  tuberculosis. 
Parturition         Parturition  or  Milk  Fever. — ^A  sample  of  the  milk  of 

nr  Wllk 

Fever.  »  COW  thus  affccted  was  found  by  Mr.  Smee*  to  contain 
an  abnormally  large  proportion  of  phosphates.  He 
states  that  during  the  progress  of  this  disease  the 
earthy  phosphates  leave  the  animals'  bones,  producing  a 

*  Op.  cit. 
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species  of  mollities  ossium,  which  rendeis  them  exceed- 
ingly liable  to  &acture  after  recovery. 

In  this  disease  there  is  happily,  as  a  rule,  a  sup- 
pression of  the  lacteal  secretion,  otherwise  we  should 
have  frequent  instances  of  the  injurious  efTecte  of  milk 
of  such  altered  composition  on  children. 

Changea  take  place  in  the  proportion  of  the  con- 
stituents of  good  milk  in  other  diseases  of  cattle.  The 
complaint  known  as  the  "  greaae  "  in  cows  is  attended 
by  a  decrease  of  the  alkaline  salte,  of  the  casein  and 
the  fat  (Herheyer).  In  the  vaccinia  of  cows  the  milk 
ia  strongly  alkaline,  and  sugar  is  almost  absent  (Brewer), 

A  complaint  amongst  children,  known  aa  milk-sick- 
ness, has  prevailed  in  America,  caused  by  the  tmhoiled 
milk  of  cows  that  have  fed  on  the  Ehvi  toxwodendron, 
which  produces  in  these  animals  a  complaint  termed 
"  the  trembles. "  The  iriilk  of  goats  that  have  fed  on 
the  (Etkvaa  qfnapium*  and  on  euphorbiaoeoust  plants, 
has  been  found  to  be  poisonous. 
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DISTILLED  WATER  AMD  CHEMIOALa 

It  is  very  important  to  be  well  aapplied  with  an  ample  qnantit; 
of  recently  dbtilled  water,  free  from  ammonia,  and  to  bei»auii«i 
enabled  to  oneself  prepare  it  expeditiously  and  cheaply.  The  ■■'*^- 
distilled  water  sold  in  chemiBta'  Bhope  is  perfectly  worthless  for 
analytical  purposes  when  it  is  necessary  to  estimate  quantities 
of  ammonia,  for  commercial  dlBtiUed  water  is  simply  water  freed 
Irom  the  greater  part  of  its  saline  matters.  It  generally  con- 
tains more  or  lees  ammonia.  The  analyst  simply  requiree  a 
large  glass  retort  and  a  zinc  Teasel  containing  a  worm  to  act  as 
a  condenser  when  full  of  water.  The  beat  water  to  use  for 
distillation  is  the  purest  spring  water.  If  such  water  is  not 
conveaiently  obtainable  in  abmidance,  the  purest  water  which 
contains  the  least  amount  of  saline  matter  should  be  selected. 
Some  analysts  add  a  tittle  carbonate  of  soda  to  the  water  which 
they  distil  It  is  better  to  boil  the  water  in  a  glass  than  in  a 
metallic  vessel,  for  the  saline  residue  which  lines  its  sides  can 
be  more  readily  removed  by  an  acid  from  glass.  The  first* 
and  last  portions  of  the  retort  of  water  which  we  dbtil  should 
be  rejected.  We  should  not  b^n  to  collect  the  distilled  water 
until  it  passes  over  quite  f^ee  from  ammonia,  which  can  easily 
be  ascertained  by  treating  (say  50  c.  c.)  with  2  c.  c  of  Nessler 
teat.  Distilled  water  will  generally  give  off  some  little 
ammonia  if  redistilled,  so  difficult  is  it  to  get  rid  of  all  tracea  . 
of  this  body.  If  it  is  requisite  to  procure  water  of  the  greatest 
purity,  it  is  necessary  to  distil  twicfrdistilled  water  with  alkaline 
permanganate  of  potssh,  taking  care  that  this  salt  when  die- 
solved  is  perfectly  free  from  ammonia.  If  this  solution  cannot 
e  fonnd  to  be  veiy  useful  for 
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be  guaranteed  to  be  thus  exempt  it  should  be  boiled  for  a  short 
time  previous  to  employment 
^^a^<>^  All  solutions  and  chemicals  should  be  of  the  greatest 

^^"^  purity.  Chemicals  adapted  for  analytical  purposes  are  sold  hj 
Messrs.  Hopkins  and  Williams  of  Cross  Street,  Hatton  Garden, 
London.  The  medical  officer  of  health  should  prepare  his 
distilled  water,  and  all  his  standard  solutions,  except  the 
Nessler  reagent  If  he  wishes  to  avoid  the  labour  of  making 
the  standard  solutions  he  can  procure  them  of  Sutton  of 
NorwicL 

LIST  OF  APPARATUS  REQUISITE. 

AppMttua.  Bdorts  (2). — Capacity  rather  more  than   1 J  litre,  (about  48 

ounces),  one  being  for  distilling  sample,  and  the 
other  for  making  distilled  water. 

Liebufs  Condensers  (3). — ^A  large-sized  one  for  ammonia  process, 
a  medium-sized  one  for  Thorp's  process  for  nitrates, 
and  a  small  glass  condenser  for  air  analysis. 

Nessler  Glasses  (10). — Marked  to  measure  50  a  c. 

Bell  Metal  Clamps  (3). — Expensive  but  indispensable. 

Burette. — Capacity  50  c.  c.,  graduated  to  ^thBy  with  an  accu- 
rately ground  tap  at  one  end  and  a  glass  stopper  at 

«  the  other. 

Burette. — Capacity  5  c.  c,  the  ^th  divisions  being  widely 
apart 

Burette. — 100  septems,  graduated  in  100  parts. 

Ckdvanized  Iron  Retort  Stands  (3). 

Gmelin^s  Wash  Bottle, — Medium  size. 

Meas^iring  Flasks. — 1  litre,  500  a  a  =  ^  litre,  250  a  c.,  100 
a  a,  70  c.  a,  50  a  c,  25  c  c.,  and  ^  decigallon 
flask. 

Bunsen^s  Burners  (3). — One  large,  one  small,  one  small  with 
chimney. 

Analytical  Balance,  in  a  glass-case,  with  weights.  The  balances 
of  Becker  of  New  York  are  good  and  cheap.  The 
weights  made  by  Oertling  are  unsurpassed. 

Flasks  with  welted  mouths  for  corks. 

India-rubber  Corks. — Various  sizes. 

Filter  Papers,  cut,  German,  which  will  not  permit  the  pre- 
cipitate of  sulphate  of  baiyta  to  pass  through 
them. 


APPENDIX.  495 

Planum  IHth,  of  &  capad^  of  about  100  cub.  cent 
„      OnteibU. 
„      Dishta  (3)  email,  for  milk. 

Berlin  Evapanding  DiAa  (6),  about  4  inches  in  diam.  One 
small,  like  a  large  watch-glaw. 

White  Porcelain  Tilee  (2),  about  5  inches  gquara 

Pip^te,  with  bulb  in  ceotre,  and  marked  with  file  to  indicate  2 
c.  c  for  Neasler  teat 
„      with  bulb  of  capacity  of  IS  a  c.  for  milk. 

Pi^etUt  (3)  of  the  capacity  of  6  c.  c,  and  graduated  to  ^ths  ; 
one  for  nitrate  of  ailTer  boI,  another  for  preparing 
ammonia  standard,  and  the  third  neceasary  in  the 
quantitative  determination  of  nitrates  and  nitritea. 

PipOU  (1)  of  the  capacity  of  10  a  c,  and  graduated  to  i^tha 
for  the  standard  soap  solution. 

Pipetta  (2  or  3). — Graduated  in  septema 

Steam  Gondenter  for  preparing  distilled  water,  made  of  zinc,  con- 
tuning  worm.  It  is  filled  with  cold  water.  A 
retort,  in  which  the  water  is  boiled,  should  be  con- 
nected with  it 

Beaken. — A  nest  of  different  siaes, 

AdapUn  (2). 

fWrMb.—One  large  and  several  small 

Sample  BottUi  (36). — Stoppered.     Made  of  etout  glass. 

Tripods  (2). 

Wire  Gavsm  (2). — Pieces  of  coarse  and  fine,  each  about  4  inches 
squara 

Piipi  Triangles  (6), 

Copper  WttUr  Bathe  (2). 

Receiver  for  estimation  of  nitrates,  which  resembles  a  very  large 
Nessler  glass.  A  mark  with  file  should  indicate 
50  c.  c:  and  100  c.  c. 

Olasi-rode  of  different  Bize& 

Tongi  for  laboratory. 
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RULES  FOR  CONVERSION  OF  DIFFERENT 
EXPRESSIONS    OF    RESULTS    OF    ANALYSI& 

To  convert  parts,  per  100,000,  into  grainB  per  gallon  (=  parts 
per  70,000),  multiply  by  -7. 

To  convert  grains  per  gallon  (=  parts  per  70,000)  into  parts 
per  100,000,  divide  by  -7. 

To  convert  parts  per  million,  or  milligrammes  per  litre,  into 
grains  per  gallon,  multiply  by  07 

To  convert  grains  per  gallon  into  parts  per  million,  or  milli- 
grammes per  litre,  divide  by  07. 

To  convert  parts  per  100,000  into  parts  per  million,  or  milli- 
grammes per  litre,  multiply  by  10. 

To  convert  parts  of  nitric  acid  into  parts  of  ammonia,  multiply 
by  17  and  divide  by  63. 

To  convert  parts  of  ammonia  into  parts  of  nitric  acid,  multiply 
by  63  and  divide  by  17. 

To  convert  grammes  per  litre  into  grains  per  gallon,  multiply 
by  70. 

To  convert  parts  of  free  ammonia,  or  ammonia  from  alb.  am- 
monia, into  parts  of  nitrogen,  multiply  by  14  and  divide 
by  17. 

To  convert  "  nitrogen  as  ammonia "  into  free  ammonia,  multi- 
ply by  17  and  divide  by  14. 

To  convert  '^  nitrogen  as  alb.  ammonia "  into  alb.  ammonia, 
multiply  by  17  and  divide  by  14. 

To  bring  cubic  inches  into  gallons,  multiply  by  40  and  divide  by 
11,091,  or  multiply  at  once  by  003607. 


METRICAL  WEIGHTS  AND  MEASURES. 

TFeight, 

1  milligramme  ^  015432  grain. 

1  centigramme  =  '15432  grain. 

1  decigramme  =1*5432  grains. 

1  gramme  =  15*432  grains  =  weight  of  a  cub.  cent,  of  water 

at  39*2°  Fahr. 
1  hloijramvu  =  15432*348  grains  =  1000  grammes  =  2*2 

lbs.  avoir. 


Capacity. 

1  cubic  centimetre  ^  15*432  graina  =  16*9  minimB  =  '06103 
cubic  inch. 

1  Hire  =  15432-348  graina  =  1  pint  15  aza.  2  dis.  and  11 
minims  ^  61  -027  cubic  inches  =  1000  cubic  centimetres 
=  35-3  ounces  =  -SS  gallon  =  035316  cubic  foot  = 
1000  grammes  =  1,000,000  milligrammea. 

1  mince  ^  28'35  cubic  centimetres  ^  1*733  cabic  incL 

1  eainc  inch  =  16*4  cubic  centimetres. 

1  cubic  foot  =  28-31  litres  =  1728  cubic  iacbw. 
,1    cubic    m<(re  =  1,000,000    cubic    centimetres  =  1,000,000 
grammes  =  1,000,000,000    milligrammes  =  1000   litres 
=  35*3  cubic  feet. 

1  •pint  =  34*59  cubic  inches. 

Esglish  Incbea. 
1  miUimein  =  -039. 
1  centimetre  =   39. 
1  dedmelre  ^  3-94. 
1  nurfre^  39*37  =  3*28  feet. 

1  kilom^Tt  =  1000  metres  =  1094  yards  =  -62  mile  =  3280 
feet  and  10  inches. 

1  square  mitlimetre  =  *0015  square  inch. 

1  tquare  centimetre  ^^  '154  square  incL 

1  iquare  metre  =  1542  square  inches  =  10-76  square  feet; 

^.B. — The  Latin  prefix  indicates  diviuon,  and  the  Qreek 
prefix  indicates  multiplication. 

1  Septem  =  7  grains  ^  "  decimillen." 

1  Pound  (At.)  =  7000  grains. 
1  Gaihti  =  70,000  grains. 

1  Decern  =  10  grains. 

J  Dedgallon     =  3500  grains. 
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REGISTER  OP  RAINFALL  IN  18_. 

KtgtiA iy 

I^Htode Hei|:))tof  f  Above  Ground. 

TinM  of  ObMmtioii...Baceiver  of-< 
LoDgitad«  ...  BamGiDge^AboTeSca  Lerd 

COHDEXSED  iKBTBccnom. — ^z  the  gingB  Snnlj,  with  its 
oriBee  level  uid  1  foot  kbove  the  giooDd,  quite  clear  ot  trees  ud 
«■]]«,  empt;  it  duly  tt  9  *.iii.,  uid  enter  it  agiiiut  the  precedii^ 
d*7.  Snow  ■honld  be  melted  elowlf  in  a  eloeed  Tenel,  utd  tlis 
unoniit  entered  h  run,  in  "B"  bein^  prefiied.  With  ■  low 
tempentnre  uid  high  wind,  It  is  ■ometiroea  blown  out  of  tlie 
fnnnel ;  then  take  one-twelfth  of  the  average  depth  of  snow,  uid 
enter  thM»»  the  yield  of  w«t«r — (.?.,  3  inchee  snow  = '25 of  r»iiL 
When  there  ii  DO  rtin,  k  tine  ihonld  be  drawn,  rather  thu  crphen 
laaertcd. 
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Broncliitifl  and  seasonal  meteorology,  850. 
Bracine  test  for  nitric  acid,  92. 

c 

Cabbokio  acid  in  air,  199. 
oxide    „     209. 
Cesspool  filth,  diagnosis  of,  in  water,  168. 
Chlorine,  determination  of  the,  104. 
Cholera  and  seasonal  meteorology,  349,  350. 
Colour  test,  17. 
Com,  examination  of,  435. 

D 

Data  on  which  to  form  an  opinion  respecting  a  water,  157 
Diarrhoea  and  dysentery,  and  seasonal  meteorology,  348. 
Distilled  water,  preparation  of^  493. 
Dust  of  the  air,  264. 

E 

Electricity,  atmospheric,  388. 
Erysipelas  and  seasonal  meteorology,  353. 
Excremental  filth  in  air,  216. 


Fever  and  seasonal  meteorology,  346. 

Fish,  inspection  of,  429. 

Fish-like  odour  of  waters,  16. 

Fleck's  test,  22. 

Flesh,  condemned,  destruction  of,  431. 

Flour,  examination  of,  439. 

,,  „  ,,  chemical,  441. 

,,  ,,  ,,  microscopic,  445. 

Fluke  in  meat,  426. 
Food,  the  purity  of,  897. 
Foot  and  mouth  disease,  and  meat,  411. 

,,  ,,  ,,  milk,  485. 

Frankland  and  Armstrong  process,  48. 

,,  Wanklyn  processes  compared,  64. 

Fruit  and  vegetables,  inspection  of,  434. 


G 

Gases,  poisonous,  defiling  air,  218. 
Gold,  trichloride  of,  test,  20. 
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N 

Nkuralgia  and  Beaaonal  meteorology,  S52. 

Nitrates  and  Nitrites,  qnalitatiye  examination  for,  80. 

„  „  qnantitatiTe        „  „    83. 

,,       •        ,,  utility  of  the  estimation  of  the,  75. 

Nitrogen,  as  nitrates  and  nitrites,  70. 

0 

Ordnance  bench  marks,  859. 
Old  age  and  seasonal  meteorology,  858. 
Opinion,  formation  of,  as  to  a  water,  160. 
Organic  nitrogen  and  carbon,  52. 
matter  in  air,  189. 
,,      in  water,  18. 
Ozonometiy,  811. 

P 

Parturient  apoplexy  and  meat,  414. 
Parturition  or  milk  fever,  and  milk,  490. 
Peaty  water,  diagnosis  of  a,  164. 
Pericarditis  and  seasonal  meteorology,  355. 
Permanganate  of  potash  process,  qiLalitative^  23. 

,,  ,,  ,,  quaiUiUUive,  29. 

,,  ,,  ,,  ,,        Drs.  Letheby  and  Tidy's,  29. 

,,  ,,  ,,  ,,        Drs.  "Woods  and  F.  de 

Chaumont's,  32. 
Phosphates,  determination  of  the,  118. 
Phthisis  pnlmonalis  and  seasonal  meteorology,  351. 
Pleuro-pnexmionia  and  meat,  408. 
Pneumonia  and  seasonal  meteorology,  350. 
Pond  water,  152. 

Poultry,  game,  etc.,  inspection  of,  428. 
Previous  sewage  contamination,  53. 
Processes  of  water  analysis  compared,  57. 
Puerperal  fever  and  seasonal  meteorology,  353. 
Putrefactive  processes,  defiling  air,  215. 

R 

Rain  gauge,  878. 

Rainey's  bodies  in  meat,  425. 

Rainfall  register,  502. 
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AotTG  and  sewonal  nteteorolog;,  318. 
Ail,  chemical  extuuinatiDii  o^  272. 

chuTch;rsrd,  230. 

h;grometric  state  of  the,  and  health,  324. 

marsh,  230. 

microacDpic  examinatioii  of,  2S4. 

of  our  hoDses,  231. 
.     organic  matter  in,  189, 

presanre  of  the,  330. 

purity  of,  170. 

mlid  bodies  in,  2G3. 

aabBoU,  22S. 

temperature  of  the,  and  health,  S22. 

washings,  103. 
Anunania,  66. 

albuminoid,  estimation  ot,  40. 
free  or  saline,  „  38. 

Animal  impurities  in  air,  219. 
Animals,  diseases  of,  400. 
Anthncic  diseiues  and  meat,  414. 
„  „  and  milk,  489. 

Apparatus,  chemical,  Teqniaite,  491. 


Babouetsic  preaaure,  its  detanninatiim,  360. 
Bnz7  meat,  413. 
Bread,  adalterationa  o^  4G7. 
alum  in,  4fl4, 
examination  of,  4SG. 

„  „  chemical,  460. 

„  „  microscopic,  iM. 
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Ybgbtablb  imparities  in  •ir,  S19. 

YentilAtion,  248. 

Volatile  matten,  amonnt  ol^  in  a  water  rendne,  102. 


w 

Wanklyn,  Chapman,  and  Smith  proceaa,  86. 
Water,  microscopic  examination  of  a,  124. 
Waters,  different  classes  of,  54. 
Wholesomeness  of  a  water,  9. 
Whooping  congh  and  seasonal  meteorology,  848. 
Wigner^s,  Mr.,  valuation  table,  158. 
Wind,  direction  of  the,  and  health,  836. 

and  strength  o(  884. 


tt 


*> 


ZTMonc  test,  22. 


THE  END. 


Prints  fyR,  ic  fL  Clark,  Edimhtrik. 
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RecoTd  of  analjBeB,  1S7. 
Report,  prep«ntion  of,  170. 
RheDmatUm  and  nasoiial  meteorology,  SSI. 
Rinderpest  and  meat^  412. 
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Samples  of  water,  collection  of,  ISl. 

Scarlatina  uid  seatonal  meteorology,  Zi6. 

Sewage  emauatioiit,  defiling  air,  21S. 

3ewage  in  water,  16S. 

Sewer  gaa,  poJlutiott  of  water  with,  106. 

Small-pox  and  teMomil  meteorolt^,  340. 

Smell  of  a  water,  14. 

Solid  bodies  in  air,  2G3. 

Solid  reaidae,  detennination  of^  94. 

„        „        ignition  of;  67. 
Solids  in  water,  94. 

Solutions,  Btandotd  for  water  analysis,  17S. 
Spectroscope  in  hygrometry,  S77. 
ic  apoplexy  and  meat,  412. 


r,  247. 
r,  10. 


Starch  te»tB  f*r  uitroiu  acid,  9S. 
Sulpbatee,  determination  of  the.  Hi. 
Surgical  fevw  and  meteorology,  837. 


Teupebatubk,  correctiana  far,  to  Inrometric  readings,  498. 

its  detemuQfttion,  SflS. 
Tbermometer  stands,  867. 
Thermometers,  lolar  max.,  369. 

terrestrial  min. ,  STO. 

verification  o(  872. 
Thorp's  process  for  eatiuatJon  of  nibates,  Sfl. 
Time  occupied  in  performing  an  analyae,  133. 
Trichina  spiralis  and  meat,  428. 
Tubercular  diseases  and  meat,  41G. 
„  „        and  milk,  4S9. 


Vkikb  in  water,  167. 
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OZONE    AND    ANTOZONE. 

WHEN         1 

WHERE      f        IS  OZONE  OBSEEVED  IN 

^HY  (  THE  ATMOSPHERE  I 

By  CORNELIUS  B.  FOX,  M.D.,  M.R.C.P.  Lond. 

Sock^  'kI  Hnlrno,  rK.  ;  Author  of  "  WiteiAnali-Ulu^'  itlDuld  and  ibould  nol  be 
Hritmiinl  liy  [be  Ucdic^Offlni  D<  Huldi,""TU  DUpOHliIf  the  Slop  Witcr  of 

The  object  of  the  Author  of  this  Work  u  threefold : 

1.  To  give  a  digest  of  the  most  important  facts  connected  with 
Ozone  and  Antozone,  including  the  interesting  inTestigations  recently 
mode  in  France  and  Germanj  ; 

2.  To  point  out  the  circumstuces  and  the  manner  in  vhich,  the 
localities  where,  and  the  reason  why,  Ozone  has  been  and  should  be 
observed  in  the  Atmo»pbet« ;  and, 

3.  To  make  known  the  results  of  his  own  inTestigatioos  respecting 
these  bodies. 
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hu  pnwDted  to  It,  ...  An  InUlipeuiible  midt  mmtm  to  every  bHlth  officer."— 
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"  Th«  tuk— no  light  or  trifling  one— of  aaalTtlng  the  detacbed  Ulenture  of  the 
it  tbOFDUghly  Inveatlntiug  it  for  biniKlf  Ln  t  aearehlng.  a  scientific^ 
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impllabed  by  Dr.  Tc 


.  Moat  intertatlng  ai 


valuable,'— CsorKWy  Journal  o/Scitnu. 
"  ludepepiiently  of  his  own  very  valuable 

critical  review  of  Uie  cbief  norka  OB  Oione.  .  .  . , , 

the  coni:ludlDg  chapter,  entitled  '  How  ihould  Oioae  be  obaerred  I '  "—DtitUtln 

••  We  eameatly  recommend  it  to  the  caraftil  peniaal  of  all  panona  IntoeMed  in, 
nr  in  any  way  •'onnected  wltb.  the  adminlatntiou  of  the  pnUle  health,  aa  a  woHt 
elucldatuig  facta  in  regardtoatmoipheileinaueiicaef  thBntm«tlmpoTtanee,and 
nottD<mr1uiDwledeaeiieHheraacGe»lble.~'-£aitl(ariai>qfrt<  UnUld  StaUt. 

"  An  excellent  book,  very  lOggegtiTe.  Tcry  compendlona.  wet]  amnged,  and  as 
a  guldB.  aid,  and  etimulua  to  new  luvegtigftUona,  InvalnaUa-'-^nxriBaii  Joumal 
e/Sainct  aiid  Arit. 
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